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CHAPTER 1 
GENERAL INTRODUCTION 
 
 Non-wadeable rivers are large rivers, typically 5th through 7th order, that have 
extensive areas too shallow to be navigated with a propeller-driven motor, and are 
interspersed with deeper holes that cannot be safely waded (Flotemersch et al. 2001).  Non-
wadeable rivers are an integral part of human life; they are used as a source of water and 
food, a means of transportation and recreation, and were historically a means of disposing 
waste.  The functions rivers have performed have led to a subsequent decline in overall 
condition of these systems.  The U.S. Environmental Protection Agency (EPA) has declared 
45% of the nation’s rivers and streams as “impaired” (United States Environmental 
Protection Agency 2002).  Because large rivers are a product of smaller streams and rivers in 
a watershed, large rivers are highly susceptible to pollution and other forms of habitat 
degradation (Flotemersch et al. 2006).  In the United States, large rivers are some of the most 
severely degraded ecosystems (Rinne et al. 2005), which has resulted in a consequent decline 
of fishes (Jelks et al. 2008).    
 In North America, freshwater fishes are one of the most impaired taxa with 35% of 
the species listed as imperiled or having gone extinct in the last 100 years (Miller et al. 
1989).   By comparison, only 14% of terrestrial vertebrates (e.g., birds, mammals, reptiles) 
are imperiled or have gone extinct.  In 1989, Williams et al. (1989) reported that 
approximately 360 freshwater fish species in North America warranted protection due to 
their rarity.  By 2008, 700 taxa (species, subspecies, and distinct populations) were classified 
as vulnerable, threatened, or endangered (Jelks et al. 2008).  In Iowa, the status of fishes is 
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following a similar downward trend.  Approximately 44% (i.e., 68 species) of the 144 native 
fish species in Iowa are identified as species of greatest conservation need (SGCN; Zohrer 
2006).  Sixty-one of these SGCN can be found in non-wadeable rivers (Pflieger 1997).  
Iowa’s 5,500 km of non-wadeable rivers have been impacted by various anthropogenic 
activities.  For example, water development (e.g., damming) has restricted fish migrations 
and reduced the natural structure of fish assemblages (Chick et al. 2006).  Although this 
development has had deleterious effects on large rivers, agriculture is considered the single 
greatest factor influencing rivers, and subsequently fish assemblages (Zohrer 2006).  In Iowa, 
over 80% of the landscape has been altered by agriculture (Natural Resources Conservation 
Service 2000).  Menzel et al. (1984) found that fish assemblages were highly influenced by 
the effects of agriculture on Iowa streams (i.e., high nutrient loads, fine-particulate substrates, 
extensive channelization, little instream vegetation).   
 The degraded condition of many of Iowa’s waterways and the associated imperiled 
status of fishes in these systems necessitates monitoring fish assemblages.  Historically, 
nearly all efforts on non-wadeable rivers have focused on sport fishes (e.g., smallmouth bass 
Micropterus dolomieu, channel catfish Ictalurus punctatus; Paragamian and Wiley 1987; 
Paragamian 1989).  Unfortunately, sampling gears best suited for collecting sport fish species 
(i.e., electrofishing, hoop nets) typically allow small-bodied species to escape (Holland and 
Peters 1992; Hubert 1996; Reynolds 1996).  As such, little is known about fish assemblages, 
particularly small, nongame fishes, in these ecosystems.   
 Fish assemblages are often related to underlying factors, such as stream order, 
substrate composition, and stream flow (Hawkes et al. 1986; Moerke and Lamberti 2003; 
Goldstein and Meador 2004; Toft et al. 2007).  Historically, most studies of fish assemblage 
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relationships have focused on small streams (Schlosser 1982; Angermeier and Schlosser 
1987) because of ease of access and sampling (Barbour et al. 1999).  Only recently has 
research on the relationships between fish assemblage and habitat variables occurred in large 
rivers (Yoder and Smith 1999; Angradi 2006; Emery et al. 2006).  Therefore, the two goals 
of this research were to (1) determine the most effective and efficient gear type(s) and reach 
length for sampling fishes in non-wadeable rivers throughout Iowa and (2) describe and 
evaluate factors influencing fishes in Iowa’s non-wadeable rivers. 
 
Thesis Organization 
 This thesis is comprised of two manuscripts that will be submitted to scientific 
journals.  The first manuscript will be submitted for publication in the North American 
Journal of Fisheries Management.  The second manuscript will be submitted for publication 
in Fisheries Management and Ecology.  Each manuscript contains an introduction, methods, 
results, discussion, and reference section.  Tables and figures are located at the end of each 
manuscript’s text.  Additional site descriptions and summary statistics are provided in 
appendices.  This thesis was my own personal work; but, was written in the third person for 
submission to peer-reviewed journals.   My major professor, Dr. Michael Quist, is listed as a 
co-author on the manuscripts as he provided guidance and expertise; however, I collected, 
entered, and analyzed the data, and wrote the manuscripts. 
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CHAPTER 2 
DESIGNS FOR SAMPLING FISH ASSEMBLAGES IN IOWA’S NON-WADEABLE 
RIVERS 
 
 A manuscript to be submitted for publication in the North American Journal of 
Fisheries Management. 
Travis E. Neebling and Michael C. Quist 
 
Large rivers are unique and dynamic ecosystems that not only serve a variety of 
commercial and recreational needs, but also support high biodiversity of aquatic and semi-
aquatic species.  Iowa has over 115,000 km of streams and rivers contained within its borders 
[Iowa Department of Natural Resources (IDNR) 2007], of which approximately 5,500 km are 
non-wadeable, defined here as 5th order and larger systems, excluding the Mississippi and 
Missouri rivers.  Because large, non-wadeable rivers are a product of smaller streams and 
rivers in a watershed, large rivers are highly susceptible to pollution and other forms of 
habitat degradation (Flotemersch et al. 2006).  Consequently, degradation of habitat has 
resulted in a substantial decline in the distribution and abundance of fishes in non-wadeable 
river systems (Flotemersch et al. 2006). 
Freshwater fishes are experiencing substantial declines throughout North America.  
Twenty-seven species of fish in North America have gone extinct in the last 100 years 
(Miller et al. 1989).  Williams et al. (1989) reported that approximately 360 freshwater fish 
species in North America warranted protection due to their rarity, and by 2008, 700 taxa 
(species, subspecies, and distinct populations) were classified as vulnerable, threatened, or 
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endangered (Jelks et al. 2008).  Approximately 44% of the 144 native fishes in Iowa are 
identified as species of greatest conservation need (SGCN; Zohrer 2006).  Of the 68 SGCN 
in Iowa, 61 can be found in non-wadeable rivers (Pflieger 1997).  While a number of factors 
are likely responsible for the poor status of Iowa’s fishes, degradation of physical habitat 
(e.g., sedimentation) and poor water quality are the most important factors related to their 
status (Menzel et al. 1984). 
Historically, the quality of an aquatic ecosystem has been assessed by its water 
quality as measured by chemical parameters (i.e., heavy metals, toxic chemicals).  However, 
in the last two decades, more focus has been placed on evaluating ecological integrity (Davis 
and Simon 1995; Simon 1999).  Fish assemblages are often used as indicators of ecosystem 
integrity because they occupy multiple trophic levels (e.g., herbivore, carnivore, omnivore), 
integrate environmental conditions over long temporal scales, and can be easily collected and 
identified (Plafkin et al. 1989).  Fish are also recognized by the public and often have 
recreational and commercial values. 
Much of the early work in developing quantitative indices of ecosystem condition, 
such as the Index of Biotic Integrity (IBI; Karr 1981; Fausch et al. 1984; Lyons 1992), was 
conducted in small streams.  The primary reason for this early focus on small stream systems 
is that they are easily accessed and sampled because of their small size.  Consequently, the 
majority of research on bioassessment protocols has focused on small, wadeable streams 
(Barbour et al. 1999).  Recently, increased interest and focus has been placed on larger rivers 
and natural resource agencies have begun developing bioassessment protocols for these 
systems.  Research on large rivers has historically focused on “great rivers” (e.g., Missouri 
and Mississippi rivers), typically defined as 8th order or greater (Vannote et al. 1980; Ward 
  
 10
and Stanford 1995).  Although these extremely large rivers are quite different from smaller 
rivers (e.g., 5th through 7th order), results from studies on great rivers provide insight on 
sampling gear and sampling design requirements.  Examples of research on great rivers 
include the Environmental Monitoring and Assessment Program–Great River Ecosystems 
(Emery et al. 2006) and the work by the Ohio Environmental Protection Agency (EPA; 
Yoder and Smith 1999; Angradi 2006).  Yoder and Smith (1999) sampled fishes in the Ohio 
River and recommended either two 500-m or one 1,000-m sampling reach to obtain a 
representative sample of the fish assemblage.  Similarly, Angradi (2006) recommended a 
500-m sample reach for sampling in great rivers.  Few studies have been conducted to 
evaluate sampling gears in non-wadeable rivers other than boat-mounted electrofishing, 
which is the most common gear used for sampling fishes in great rivers.  The few protocols 
recommending gears other than electrofishing recommend seining, trammel netting, and 
hoop nets (Flotemersch et al. 2006).  Paukert (2004) found that trammel netting in the lower 
Colorado River was more effective for sampling bluehead sucker Catostomus discobolus 
than electrofishing.  Similarly, Herzog et al. (2005) found that a small-mesh benthic trawl, 
sampled small-bodied, benthic species that were undersampled with electrofishing in the 
Mississippi River.   
A standardized protocol for large river ecosystems has been difficult to develop 
because of the diversity in physical habitat and biotic communities among systems 
(Flotemersch et al. 2006).  Although some guidance is available for sampling small streams 
and great rivers, sampling gears and reach lengths appropriate for these systems may not be 
appropriate for non-wadeable rivers (i.e., 5th – 7th order).  In Iowa, nearly all efforts on non-
wadeable rivers have focused on sport fishes (e.g., smallmouth bass Micropterus dolomieu, 
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channel catfish Ictalurus punctatus; Paragamian and Wiley 1987; Paragamian 1989).  
Unfortunately, sampling gears best suited for collecting sport fish species (i.e., electrofishing, 
hoop nets) typically allow small-bodied species to escape (Holland and Peters 1992; Hubert 
1996; Reynolds 1996).  From an ecological standpoint, small-bodied fishes are critical for the 
functioning of river systems (Power et al. 1995), and from a management and conservation 
perspective, most fish of conservation concern are small-bodied, non-game species (Zohrer 
2006).  Due to the importance of non-wadeable rivers and their fish assemblages, a better 
understanding of methods for sampling fishes in non-wadeable rivers is needed.  Such 
knowledge is critical for the proper management and conservation of Iowa’s aquatic 
resources, particularly with regard to the assessment of water quality and ecological integrity, 
and the conservation of sensitive species.  As such, the purpose of this research was to 
determine the most effective and efficient gear type(s) and reach length for sampling fishes in 
non-wadeable rivers throughout Iowa.   
 
METHODS 
 
Sampling design and reach selection 
A non-wadeable river is any river where fish sampling cannot be conducted safely or 
effectively using sampling methods typically used in wadeable streams (i.e., backpack- or 
barge-mounted electrofishing equipment; Flotemersch et al. 2006).  This definition is 
complicated by the fact that a river’s stage fluctuates throughout the year.  Many rivers in 
Iowa are “non-wadeable” during spring floods, but these same systems may be relatively 
shallow (i.e., <0.25 m deep) during the summer sampling season.  As such, we define a non-
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wadeable river as one that has enough deep water to make sampling with a backpack- or 
barge-mounted electrofisher unsafe during most of the year.  In Iowa, these systems are 
generally 5th order or greater (Strahler stream order; Gallagher 1999). 
Sampling reaches were selected from 5th to 7th order streams, and the length of 
reaches varied depending on the stream order.  Sampling reaches in 5th order rivers were 3 
km long and reaches in 6th and 7th order rivers were 5 km long.  Sampling reaches were 
selected based on prior knowledge of the rivers and proximity of viable access points.  
Sampling generally began upstream from an access point and progressed downstream.  When 
this was not possible due to obstructions (e.g., woody debris, extensive areas of shallow 
water, dams), the starting point was moved downstream.  Reaches were never within 1.5 km 
of a dam or the entry of another non-wadeable river.  Beginning at the upper terminus of each 
reach, the reach was divided into 100-m long sections.  The distance between sections was 
measured along the thalweg using a global positioning system (GPS) receiver.  This design 
resulted in 30 sections on 5th order rivers and 50 sections on 6th and 7th order rivers.   
 
Fish sampling methods 
After defining and uniquely identifying the 100-m long sections, a random number 
generator was used to select half of the sections (i.e., 15 sections in 5th order rivers, 25 
sections in 6th and 7th order rivers).  Selected sections were sampled using a modified 
Missouri trawl and a bag seine.  The other sections were sampled with boat-mounted 
electrofishing equipment. 
Trawling has been used to effectively sample fish assemblages in both lentic and lotic 
habitats (Kjelson and Johnson 1978; Stockwell et al. 2007).  The modified Missouri trawl is a 
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benthic trawl that is particularly useful for sampling small-bodied fishes in large river 
systems (Herzog et al. 2005).  Headrope length of the trawl used in this study was 2.4 m, the 
footrope was 3.7 m long, and the uprights were 0.6 m long.  The trawl was constructed with 
an inner trawl body of larger mesh and an outer cover of smaller mesh.  The result was a 
large-mesh trawl body inside a small-mesh trawl body that prevented smaller specimens from 
being damaged by larger specimens or debris.  The inner trawl was made of 1.0-mm diameter 
(No. 7) multifilament nylon twine sewn at 34.9-mm stretch bar in the body and 1.2-mm 
diameter (No. 12) multifilament nylon twine sewn at 31.8-mm stretch bar in the doors.  The 
outer cover was made of 6.3-mm delta-style, knotless mesh dipped with a protective coating 
for ultraviolet, rot, and abrasion resistance.  Further detail on the design and development of 
this style of trawl can be found in Herzog et al. (2005). 
Towlines on the trawl were 21.7 m long which allowed for a 7:1 drop ratio at our 
expected maximum depth of about 3.1 m.  Towlines were 22.2-mm twisted nylon ropes, 
attached to the boat using screw-gate carabiners.  Connected to the cod end of the trawl was a 
7.6 m long, 6.3-mm diameter braided nylon rope with a float attached to the end that allowed 
for monitoring of the trawl position and aided in retrieval when the trawl became snagged.  
Otter doors were used to keep the trawl open, and were 52 cm long, 32 cm tall, and weighed 
6.0 kg.  Attached to the footrope was 1.8 m of 4.7 mm chain that ensured the footrope was in 
constant contact with the river’s bottom. 
Trawls were pulled from the bow in a downstream direction as described in Herzog et 
al. (2005).  Three trawls were hauled in each 100-m section.  Each individual trawl continued 
until it became snagged or until 50 m had been fully trawled.  Distance was measured using a 
global positioning system (GPS) receiver beginning once the trawl was fully deployed.  If a 
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trawl was snagged before it sampled 35 m, a new haul was conducted and data from the 
snagged trawl were not recorded.  The first haul sampled the thalweg area, and the other two 
hauls sampled non-thalweg areas with random starting points.  Fish were processed after 
each individual haul.  
 Sections sampled with the trawl were also sampled using a bag seine.  The seine was 
3.6 m long and 1.2 m deep.  The headrope was constructed of 9.5-mm braided float line with 
seven equally-spaced 135.4-mm × 88.9-mm foam floats.  The footrope was constructed of a 
braided lead line with internal leads, plus 18 equally-spaced 113.4 g external leads along the 
bottom of the seine.  The body of the seine was made of 6.3-mm delta-style, knotless mesh.  
A 0.9-m diameter round bag, 0.9 m deep, was centered both vertically and horizontally in the 
seine.  Three, 10-m seine hauls were completed per section, covering areas not sampled with 
the trawl.  The seine was pulled in a downstream direction parallel to the shore.  Fish were 
processed from each individual seine haul.   
 Sections not sampled with the trawl and seine were sampled with boat-mounted, 
pulsed-DC electrofishing equipment.  A VVP-15B Electrofisher (Smith-Root Inc., 
Vancouver, Washington) powered by a 5,000-W generator was mounted in a flat-bottom, 
aluminum boat.  Power was transferred to the water using two Smith-Root standard 
fiberglass booms and two AUA-6 electrode arrays mounted on a removable shocking rail.  
Electrofishing consisted of a single pass with two netters.  Electrofishing proceeded in a 
downstream direction, and sampled thalweg and edge-channel habitat (e.g., banks, woody 
debris, logs, holes) in each section.  Power output was standardized to 3,000 W based on 
water conductivity and dropper exposure (Burkhardt and Gutreuter 1995).  Fish were netted 
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using dipnets with 6.3-mm delta-style, knotless mesh.  All fish from a single electrofishing 
run were recorded, along with the time spent electrofishing (i.e., “current-on” effort).   
Gear types were selected based on their ability to sample a variety of habitats and 
their wide-spread use by natural resource personnel.  The only exception is the modified 
Missouri trawl which has only recently become a common gear for sampling fishes in rivers.  
The modified Missouri trawl is designed to be a benthic trawl, but it also captures small mid-
water species in shallow water.  The Missouri Department of Conservation has successfully 
used this trawl for a number of years (Herzog et al. 2005) and the trawl is being used 
extensively by other state and federal agencies (R. Hrabik, Missouri Department of 
Conservation, personal communication).  Electrofishing and seining are common gears that 
have been used to successfully sample fish assemblages in a variety of freshwater ecosystems 
(Reynolds 1996; Bayley and Herendeen 2000).  In addition, the IDNR is familiar with, and 
has the equipment necessary to operate the three sampling gears. 
 Total length of each fish was measured to the nearest millimeter (except that fork 
length was measured for shovelnose sturgeon Scaphirhynchus platorynchus).  If more than 
400 individuals of one species were caught with the same gear in the same reach, the first 
400 were measured.  After 400 individuals had been measured for a sampling gear, 
remaining individuals were counted.   
Five voucher specimens, as well as any unidentified species, were euthanized using 
tricaine methanesulfonate (MS-222), preserved in a 10% formalin solution, and transported 
to the laboratory for identification.  Threatened or protected species were not preserved.  
Species that were too large to be preserved were extensively photographed.   
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Data analysis 
The number of families, species, SGCN, individuals, and individuals of SGCN 
sampled by each of the three gear types was calculated.  A Venn diagram was then developed 
to illustrate the occurance of fishes among sampling gears.  Species richness (i.e., number of 
species sampled) was calculated for each reach.  Additionally, the Shannon-Weaver diversity 
index (H´) was calculated for each reach and each gear; H´ is a measure of both the number 
and evenness of species sampled (Krebs 1999).  Analysis of variance (ANOVA) was used to 
determine whether species richness and diversity index values differed between gears or 
reach lengths; ANOVAs were performed using SAS version 9.1 (SAS Institute 2005) with α 
= 0.05. 
The most appropriate sample length for sampling fish assemblages in Iowa’s non-
wadeable rivers was evaluated using a resampling procedure similar to that described in 
Patton et al. (2000) and Quist et al. (2007).  For each sampling gear, 1,000 samples were 
selected at random and the number of species sampled was calculated.  For example, 5 km 
long reaches had 75 trawls.  A single trawl sample was randomly selected and the number of 
species sampled was recorded; this process was repeated 1,000 times.  Two trawls were then 
selected at random, without replacement, and the number of species sampled by the two 
trawls was recorded; 1,000 iterations were completed.  This process continued until all 75 
trawls were sampled, 1,000 times.  Then, the number of times out of the 1,000 iterations that 
a given effort sampled a certain proportion of the total number of species sampled by that 
gear was calculated.  This study focused on 50%, 75%, 90%, 95%, and 100% of the species 
sampled by a given gear.   
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The resampling procedure was repeated using combinations of gears.  The resampling 
procedure was identical to the one described above; however, instead of using one gear and 
increasing the number of samples by one at each step, combinations of all three gears were 
used and increased in steps of five.  For instance, the resampling procedure began using five 
electrofishing runs, five trawls, and five seine hauls, then increased the number of seine hauls 
by five until the maximum of 75 was reached.  The number of seine hauls was then returned 
to five, but the number of trawls was increased in steps of five until the maximum was 
reached.  The same process was also conducted by varying electrofishing samples.  By 
completing all possible combinations in steps of five, there were 1,125 possible sampling 
combinations.  When different combinations of gears resulted in the same number of species 
sampled with the same effort, the number of seine hauls was minimized, the number of 
electrofishing runs was maximized, and the number of trawls varied. 
 
RESULTS 
 
Twenty-one reaches on 16 different rivers were sampled in the summers of 2007 and 
2008 (Figure 1).  Ten 3-km long reaches and eleven 5-km long reaches were sampled.  A 
total of 21,292 individual fish, representing 17 families and 84 species, were sampled using 
the three gears (Table 1).   Electrofishing sampled the most families (14) and species (66), 
and the second highest number of individuals (6,471).  Trawling sampled 12 families, 61 
species, and 9,660 individuals, and seining sampled 12 families, 55 species, and 5,161 
individuals.  Electrofishing sampled 78% of the species observed in this study, trawling 
sampled 73% of the species observed, and seining sampled 65% of the species observed.  
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Twenty-three SGCN were sampled.  Trawling sampled the highest number of SGCN (14), 
followed by electrofishing (13) and seining (12).  Four nonnative species were sampled: 
bighead carp, common carp, grass carp, and rainbow trout.  One state threatened species, 
western sand darter Ammocrypta clara, was also sampled.   
Species richness in sampling reaches varied from 16 to 41 species (mean ± standard 
deviation; 28 ± 6) and total catch varied from 257 to 2,262 individuals (1,014 ± 677).  The 
number of species sampled was not significantly different between 3- and 5-km reaches (F1,19 
= 0.63, P = 0.44).  Similarly, the number of species sampled with trawling (13.0 ± 4.2) was 
not significantly different than the number sampled with seining (11.5 ± 3.8; F1,57 = 1.41, P = 
0.24); however, electrofishing (20.6 ± 5.2) sampled 8.43 more species on average than did 
trawling (F1,57 = 29.87, P = 0.0001) or seining (F1,57 = 44.27, P = 0.0001).  The interaction 
between reach length and gear type in relation to species richness was not significant (F2,57 = 
0.38, P = 0.68).   
 Mean Shannon-Weaver diversity index values varied from 1.39 to 2.98 (2.05 ± 0.39) 
and were not significantly different between reach lengths (F1,19 = 0.17, P = 0.69).  Similarly, 
H´ values for trawling varied from 0.74 to 2.16 (1.27 ± 0.39) and were not significantly 
different from values for seining, which varied from 0.61 to 2.11 (1.38 ± 0.46; F1,19 = 0.71, P 
= 0.40).  Shannon-Weaver values for electrofishing varied from 1.41 to 2.83 (2.22 ± 0.36), 
and were significantly higher than values for trawling (F1,57 = 54.17, P = 0.0001) and seining 
(F1,57 = 42.46, P = 0.0001).  The interaction between reach length and gear type in relation to 
diversity index values was not significant (F2,57 = 0.12 P = 0.89).   
Sand shiner was the most abundant species followed by channel catfish, spotfin 
shiner, banded darter, and gizzard shad (scientific names are provided in Table 1).  The 33 
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least abundant species, cumulatively, comprised less than 1% of the total catch; additionally, 
the 63 least abundant species each comprised less than 1% of the total catch.  Therefore, 75% 
of the species sampled in this study made up less than 1% of the total catch.  Although 
shorthead redhorse, common carp, and quillback carpsucker were not among the most 
abundant species, they were sampled in all reaches (Table 1).   
A Venn diagram was developed using the presence or absence of all 84 species to 
help evaluate the efficiency of the three gears (Figure 2).  The majority of species (47%) 
were sampled with all three gears.  Large-bodied species (e.g., catfish, gar, suckers) were 
primarily sampled with electrofishing, while small-bodied species (e.g., darters, minnows) 
were typically sampled with the trawl and seine.  Four of the 13 SGCN sampled with 
electrofishing were unique to electrofishing.  Four of the 14 SGCN sampled with trawling 
were unique to the trawl and three of the SGCN sampled with the seine were unique.  Thus, 
there was little difference in the number of SGCN sampled by the three gears.  The number 
of individuals of SGCN sampled by the three sampling gears was also examined.  
Electrofishing sampled 129 individuals, trawling sampled 2,470 individuals, and seining 
sampled 120 individuals of SGCN. 
The most appropriate reach length for sampling fish assemblages in Iowa’s non-
wadeable rivers was evaluated using a resampling procedure that estimated the number of 
species sampled for a given effort.  Unlike catch rates that used distance or time as a unit of 
effort, the effort used to estimate reach length was one electrofishing run, one seine haul, or 
one trawl.  Using individual gears in 3-km reaches, the mean number of electrofishing runs 
necessary to sample 90% of the species sampled with electrofishing was 14 runs (Figure 3).  
Trawling required 42 trawls and seining required 43 hauls to sample 90% of the species 
  
 20
sampled with their respective gears.  Sampling 95% or more of the species required the 
maximum effort for each gear.  Sampling 5-km reaches with an individual gear showed 
similar patterns as the 3-km reaches (Figure 3).  The mean number of electrofishing runs 
necessary to sample 90% of the species sampled with electrofishing was 22 runs.  Seventy-
three trawls were required to sample 90% of the species sampled with the trawl, and 72 seine 
hauls were necessary to sample 90% of the species sampled with the seine.  Again, the 
maximum effort for each gear was required to sample 95% or more of the species.   
Because multiple gears are often used to assess fish assemblages, the resampling 
procedure was repeated using combinations of gears to evaluate sampling effort.  In 3-km 
reaches, the sampling regime that resulted in the minimum amount of effort necessary to 
sample 90% of the species was 15 electrofishing runs, 26 trawls, and 17 seine hauls (Figure 
4).  In 5-km reaches, 24 electrofishing runs, 48 trawls, and 27 seine hauls was the minimum 
effort necessary to sample 90% of the species observed (Figure 4). 
In addition to combinations using all three gears, combinations of just electrofishing 
and trawling were also examined (Figure 5).  The primary reason for removing seining was 
because the 1,275 seine hauls conducted in this study sampled just four unique species, and 
only ten individuals from those four species.  In addition, seining sampled the fewest species, 
SGCN, individuals, and individuals of SGCN.  Results of the analysis excluding seining were 
similar to the results from resampling using all combinations of gears (Figure 5).  In 3-km 
reaches, the minimum effort necessary to sample 90% of the species observed was 15 
electrofishing runs and 24 trawls.  Twenty-five electrofishing runs and 42 trawls were 
necessary to sample 90% of the species observed in 5 km reaches (Figure 5).  
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DISCUSSION 
 
Electrofishing is a widely used, accepted, and effective method for sampling fishes 
(Simpson and Reynolds 1977; Reynolds 1996; Guy et al. in press).  In the current study, 
electrofishing sampled the greatest number of families and species.  Although electrofishing 
sampled a diversity of species, electrofishing appeared to be the best gear for sampling large-
bodied species.  Large-bodied fishes tend to be more susceptible to electrofishing and are 
often able to avoid (i.e., out-swim) towed gears (i.e., seine, trawl) due to their size.  In 
contrast, small-bodied individuals are less susceptible to electrofishing, but because of their 
small size are less likely to avoid towed gears (Hayes et al. 1996; Reynolds 1996).  A number 
of studies have evaluated the effectiveness of electrofishing in rivers compared to other 
gears.  Pugh and Schramm (1998) determined that electrofishing sampled 19 species not 
sampled with hoop nets, whereas hoop nets only sampled two species not sampled with 
electrofishing in the lower Mississippi River.  Mercado-Silva and Escandon-Sandoval (2008) 
found that electrofishing produced higher estimates of species richness, diversity, and 
biomass than seining in a large Mexican river.  Similar results were observed in our study 
where electrofishing samples had higher H´ values and higher species richness than did trawl 
or seine samples. 
Trawling has long been an effective sampling gear in marine ecosystems (Hayes et al. 
1996); however, the use of trawls in freshwater, particularly in rivers, is more recent 
(Dettmers et al. 2001; Herzog et al. 2005).  In this study, the trawl sampled the greatest 
number of individuals, SGCN, and individuals of SGCN.  Trawling likely sampled the 
greatest number of SGCN because 16 of the 23 SGCN sampled in this study have a 
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maximum length of less than 100 mm (e.g., banded darter, rainbow darter, suckermouth 
minnow; Pflieger 1997).  Small-bodied, benthic species are often highly susceptible to towed 
gears such as trawls (Hayes et al. 1996); however, much of the trawling that has occurred in 
rivers has used large mesh trawls (e.g., Dettmers et al. 2001).  Consequently, small-bodied 
species have likely been undersampled using this gear.  For instance, Dettmers et al. (2001) 
determined that a 2.54 cm mesh, four-seam bottom trawl was an effective sampling gear for 
many large-bodied species (e.g., bigmouth buffalo, channel catfish, shovelnose sturgeon) in 
the Mississippi River.  However, only two small-bodied species (i.e., speckled chub, silver 
chub) were sampled in their study.  The Missouri trawl (Herzog et al. 2005) was developed 
because the standard trawl used by the Long Term Resource Monitoring Program (LTRMP) 
on the Mississippi River often had zero catches and small-bodied benthic species were not 
well represented in the catch.  The LTRMP standard trawl is a 4.87 m wide, two-seam 
balloon trawl constructed of 19.05-mm bar mesh.  The Missouri trawl is a LTRMP standard 
trawl with an outer cover of  4.76-mm mesh.  Herzog et al. (2005) found the Missouri trawl 
to be especially effective at sampling small-bodied, benthic species that were undersampled 
or not sampled with the LTRMP standard trawl or boat-mounted electrofishing.   
Seining is a popular sampling gear, but its effectiveness is limited to shallow water 
habitats that are free of obstructions (Hayes et al. 1996; Guy et al. in press).  In the current 
study, the seine sampled the fewest families, species, individuals, SGCN, and individuals of 
SGCN.  Additionally, the number of species that were only sampled by seining, and the 
number of individuals of those species, was extremely low.  These results may be attributed 
to the difficulty operating a seine in Iowa’s non-wadeable rivers.  Many Iowa rivers have 
near vertical banks due to channelization and (or) erosion.  Steep banks, combined with deep 
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water and large amounts of woody debris dramatically reduced the ability to effectively 
seine.  The seine was an inefficient gear for sampling fishes in Iowa’s non-wadeable rivers 
based on the number of taxa and individuals sampled, particularly given the amount of time 
associated with sampling.  Specifically, the time necessary to complete sampling in each of 
the 100-m sections using one gear was recorded at 10 sites (e.g., the time necessary to 
complete three seine hauls and process the fish from those seine hauls).  The time necessary 
to complete one electrofishing run and process the fish from that run was about ten minutes 
(6-14 minutes).  Due to snagging, the time necessary to complete trawling in one 100-m 
section was the most variable of the three gears.  The time necessary to complete three trawls 
and process fish, with no snags, was approximately ten minutes.  However, the time 
necessary to complete three trawls extended beyond an hour on several sections due to snags.  
The time required to seine and process fish in one section was about eight minutes, 
suggesting that the time necessary to sample 100 m, using any of the three gears, was 
approximately the same.   
Although comprehensive recommendations are generally lacking for non-wadeable 
rivers, Guy et al. (in press) suggest seven gears for sampling warmwater fish in rivers.  Three 
of the seven gears the authors suggest were gears used in the current study.  Specifically, Guy 
et al. (in press) recommend: (1) bag seine, (2) large-mesh bottom trawl, (3) small-mesh 
bottom trawl, (4) boat electrofishing, (5) drifting trammel net, (6) "catfish" hoop net, and (7) 
"buffalo" hoop net.  The recommended bag seine is similar in construction to the one used in 
the current study; however, the suggested length is 9.1 m long.  We found that due to the 
morphology of many Iowa rivers, a longer seine cannot be effectively operated.  The small-
mesh bottom trawl recommended by Guy et al. (in press) is the same modified Missouri trawl 
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as was used in this study, except that Guy et al. (in press) recommend 3.2-mm outer mesh.  
We chose 6.4-mm outer mesh because it is the same mesh used for the electrofishing dip nets 
and seine, and helps to reduce drag.  Reduced drag was particularly important because it 
allows for the use of smaller (45-60 hp) outboard motors commonly used on non-wadeable 
rivers.  The suggested boat-mounted electrofishing protocol is similar to that used in this 
study.  The remaining sampling gears suggested by Guy et al. (in press) were not used in the 
current study.  Although other gears may have sampled additional species, we focused on the 
gears most likely to be used by natural resource managers in Iowa and avoided gears that 
required more than one day of sampling (i.e., hoop nets).  In addition, we sought to use gears 
that had a high probability of sampling a diversity of species.  The gears suggested by Guy et 
al. (in press) and not used in this study are highly selective for a few species.  For example, 
trammel nets are selective for large-bodied species (e.g., common carp, bigmouth buffalo) 
and species with sharp projections (i.e., shovelnose sturgeon; White 1959; Hayes et al. 1996; 
Guy et al. in press), and hoop nets are selective for ictalurids and some catostomids (Hubert 
1996; Flammang and Schultz 2007). 
 A number of other sampling protocols have been recommended for sampling fishes in 
non-wadeable rivers; however, many of these protocols were developed for the great rivers 
(e.g., Environmental Monitoring and Assessment Program–Great River Ecosystems; Emery 
et al. 2006).  Most of the non-wadeable protocols, such as the EPA National Rivers and 
Streams Assessment (Flotemersch et al. 2006), the Environmental Monitoring and 
Assessment Program–Great River Ecosystems (Angradi 2006), and the Large River 
Bioassessment Protocol (Flotemersch and Blocksom 2005), rely solely on electrofishing.  
This is likely because electrofishing is considered to be the most comprehensive and 
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effective method for collecting fishes in streams and rivers (Vincent 1971; Barbour et al. 
1999; Flotemersch and Blocksom 2005).  Although electrofishing could be considered the 
best “all-around” gear used in the current study, electrofishing failed to sample 22% of the 
species and 45% of the SGCN observed in this study. 
 A commonality among recommendations for sampling fishes in non-wadeable rivers 
is using electrofishing (e.g., Flotemersch et al. 2006; Guy et al. in press); however, the 
recommended reach length is more variable.  A number of studies have provided 
recommendations based on a multiple of mean stream width (MSW).  Maret and Ott (2004) 
recommended 30-40 MSW for sampling large rivers in Idaho.  Hughes et al. (2002) 
recommended 85 MSW to accurately estimate species richness and Hughes and Herlihy 
(2007) recommended 50 MSW to estimate IBI scores in Oregon raftable rivers.  The mean 
wetted width of rivers sampled in this study was 46.9 m for 5th order rivers and 103.5 m for 
6th and 7th order rivers.  Therefore, on average, our sampling protocol electrofished about 32 
MSW in 5th order rivers and 24 MSW in 6th and 7th order rivers. 
 Instead of using a multiple of MSW, the majority of non-wadeable river sampling 
protocols in the midwestern United States identify a specific reach length for sampling.  
Meador et al. (1993) recommended 1,000 m for the National Water Quality Assessment 
Program and is also the distance recommended by the Ohio Environmental Protection 
Agency (Flotemersch 2001).  Yoder and Smith (1999) recommended either two 500-m or a 
single 1,000-m reach for sampling both non-wadeable and great rivers.  Lyons et al. (2001) 
recommends 1,600-m sample reaches in Wisconsin non-wadeable rivers.  Specifically, 1,600 
m was the point where estimates of species richness were asymptotic and became insensitive 
to variation in sampling effort.  Flotemersch and Blocksom (2005) found that 1,000 m of 
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electrofishing was sufficient for bioassessment of non-wadeable tributaries to the Ohio River.  
However, the authors recommended 2,000 m of electrofishing or nighttime electrofishing in 
rivers with depths greater than 4 m.  Angradi (2006) recommended a 500-m sample reach for 
sampling in great rivers.  The EPA National Rivers and Streams Assessment (NRSA) has 
recently developed a protocol for sampling fish in non-wadeable rivers similar to the systems 
investigated in our study.  The NRSA protocol requires sampling a 500-m reach using boat-
mounted electrofishing (J. Flotemersch, Ohio EPA, personal communication).  Results from 
the current study suggest that in a 6th or 7th order river, 500 m of electrofishing would only 
sample 59.6% (SE = 2.05) of the species sampled by electrofishing and only 43.6% (2.24) of 
the species observed in a reach.  Additionally, based on the 21 reaches sampled in this study, 
500 m of electrofishing may sample as few as 31.1% of the species observed in a reach.  
Consequently, 500 m is likely too short a sampling reach to effectively sample fish 
assemblages in Iowa’s non-wadeable rivers. 
 Reach lengths used in this study were considerably longer than recommendations 
based on reach length, but shorter than recommendations based on MSW.  Regardless, when 
reach lengths of 3 km and 5 km were initially selected, the goal was to “oversample” the fish 
assemblage.  However, as illustrated by the sample size estimates, all or nearly all of the 
sections were required to sample 95% -100% of the species.  Iowa’s non-wadeable rivers are 
extremely diverse ecosystems with many rare or uncommon species, as evidenced by the fact 
that 75% of the species made up less than 1% of the total catch.  Increases in sample reach 
length, and subsequently effort, typically resulted in new species occurrences up to the 
maximum reach length of this study.  This may be explained by species-area relationships, 
where as the area sampled increases so does the number of species sampled due to an 
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increase in habitat diversity and availability (Williams 1964; Rosenzweig 1995).  An 
additional explanation for the continual increase in species richness is the uneven distribution 
of rare species, again often based on habitat availability (Gorman and Karr 1978; Angermeier 
and Smogor 1995).  As sample reach length increases and the availability of habitats 
increases, the likelihood of encountering a rare species also increases. 
 Results from this research suggest that a minimum sampling reach length of 1,500 m 
is required to sample 90% of the species present in 5th order rivers, and 2,500 m is required in 
6th and 7th order rivers.  However, had our study sampled 5 km long reaches in 5th order 
rivers, species richness would likely have been higher than observed.  Additionally, sampling 
with a single gear should be avoided because even the most effective gear (i.e., 
electrofishing) only sampled 78% of the species observed in Iowa’s non-wadeable rivers.  
Therefore, we recommend 2,500 m of electrofishing and 42 50-m long trawls (three trawls 
completed in a 100-m section) for sampling non-wadeable rivers in Iowa.  Similar studies 
should be conducted in other areas to provide a better understanding of factors influencing 
sampling gears in a diversity of habitats. 
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 TABLE 1.  Fishes sampled from 21 reaches in Iowa’s non-wadeable rivers, 2007–2008.  Species are listed in phylogenetic order 
by family and then alphabetically by common name.  Also listed is an indication of whether a species is a species of greatest 
conservation need (SGCN), the number of individuals for each gear type (E=electrofishing, S=seining, T=trawling), the total 
number of individuals, and the frequency of occurrence (percentage of reaches). 
Family and common name Scientific name SGCN E S T Total Frequency 
Acipenseridae        
   Shovelnose sturgeon Scaphirhynchus platorynchus Y 27  13 40 24 
Lepisosteidae        
   Longnose gar Lepisosteus osseus  Y 42 1  43 19 
   Shortnose gar Lepisosteus platostomus  57   57 38 
   Spotted gar Lepisosteus oculatus Y 2   2 10 
Hiodontidae        
   Goldeye Hiodon alosoides Y 22 1  23 29 
   Mooneye Hiodon tergisus  15   15 14 
Clupeidae        
   Gizzard shad Dorosoma cepedianum  558 526 26 1,110 48 
   Skipjack herring Alosa chrysochloris Y 1   1 5 
Cyprinidae        
   Bighead carp Hypophthalmichthys nobilis  1   1 5 
   Bigmouth shiner Notropis dorsalis  7 210 23 240 33 
   Blacknose dace Rhinichthys obtusus   6  6 5 
   Bluntnose minnow Pimephales notatus  27 467 119 613 67 
   Brassy minnow Hybognathus hankinsoni   6 2 8 10 
   Bullhead minnow Pimephales vigilax   11 129 31 171 48 
   Central stoneroller Campostoma anomalum  1 9 2 12 14 
   Channel shiner Notropis wickliffi  4 30 137 171 24 
   Common carp Cyprinus carpio  379 17 8 404 100 
   Common shiner Luxilus cornutus  18 17 2 37 19 
   Creek chub Semotilus atromaculatus  23 16 5 44 33 
   Emerald shiner Notropis atherinoides  166 172 53 391 71 
   Fathead minnow Pimephales promelas  27 37 19 83 71 
   Grass carp Ctenopharyngodon idella  2   2 5 
   Gravel chub Erimystax x-punctatus Y 5 50 259 314 10 
   Hornyhead chub Nocomis biguttatus  1   1 5 
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TABLE 1.  Continued (see page 35 for heading). 
   Longnose dace Rhinichthys cataractae Y  1 2 3 10 
   Mimic shiner Notropis volucellus  133 76 100 309 19 
   Mississippi silvery minnow Hybognathus nuchalis Y 3 43 40 86 10 
   Ozark minnow Notropis nubilus Y  1  1 5 
   Plains minnow Hybognathus placitus  Y 8  1 9 5 
   Red shiner Cyprinella lutrensis  308 290 29 627 33 
   River shiner Notropis blennius  4 23 9 36 10 
   Rosyface shiner Notropis rubellus  44 12 1 57 24 
   Sand shiner Notropis stramineus  119 919 3,170 4,208 95 
   Shoal chub Macrhybopsis aestivalis Y  3 439 442 57 
   Silver chub Macrhybopsis storeriana  7 5 56 68 62 
   Spotfin shiner Cyprinella spiloptera  851 1,499 159 2,509 86 
   Suckermouth minnow Phenacobius mirabilis    8 8 19 
   Western silvery minnow Hybognathus argyritis Y  2  2 10 
Catostomidae        
   Bigmouth buffalo Ictiobus cyprinellus  67   67 57 
   Blue sucker Cycleptus elongatus Y 5   5 14 
   Golden redhorse Moxostoma erythrurum  720 42 32 794 67 
   Highfin carpsucker Carpiodes velifer  109  1 110 43 
   Hybrid carpsucker Carpiodes spp.  73 21 1 95 33 
   Northern hog sucker Hypentelium nigricans  68 38 68 174 52 
   Quillback carpsucker Carpiodes cyprinus  288 11  299 100 
   River carpsucker Carpiodes carpio  459 41 3 503 86 
   River redhorse Moxostoma carinatum Y 10  7 17 5 
   Silver redhorse Moxostoma anisurum  6   6 14 
   Shorthead redhorse Moxostoma macrolepidotum  686 27 39 752 100 
   Smallmouth buffalo Ictiobus bubalus  73 1 1 75 57 
   White sucker Catostomus commersonii  14 7 4 25 38 
Ictaluridae        
   Black bullhead Ictiobus niger   2 3  5 14 
   Channel catfish Ictalurus punctatus  235 156 2,480 2,871 95 
   Flathead catfish Pylodictis olivaris  78 2 5 85 62 
   Stonecat Noturus flavus    482 482 57 
   Yellow bullhead Ameiurus natalis  6  1 7 10 
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TABLE 1.  Continued (see page 35 for heading). 
Esocidae        
   Northern pike Esox lucius  8 1  9 19 
Umbridae        
   Central mudminnow Umbra limi Y 1   1 5 
Salmonidae        
   Rainbow trout Oncorhynchus mykiss  1   1 5 
Percopsidae        
   Trout perch Percopsis omiscomaycus Y   1 1 5 
Fundulidae        
   Blackstripe topminnow Fundulus notatus Y  1  1 5 
Moronidae        
   White bass Morone chrysops  103 55 2 160 33 
Centrarchidae        
   Black crappie Pomoxis nigromaculatus  18  2 20 38 
   Bluegill Lepomis macrochirus  90 19 8 117 67 
   Green sunfish Lepomis cyanellus  24 2 2 28 48 
   Largemouth bass Micropterus salmoides  7 5  12 29 
   Northern rock bass Ambloplites rupestris  16 1 1 18 24 
   Orangespotted sunfish Lepomis humilis  10 51 3 64 48 
   Pumpkinseed Lepomis gibbosus  2   2 5 
   Smallmouth bass Micropterus dolomieu  187 8 20 215 67 
   White crappie Pomoxis annularis  9  2 11 24 
Gasterosteidae        
   Brook stickleback Culaea inconstans    3 3 5 
Percidae        
   Banded darter Etheostoma zonale Y  6 1,342 1,348 29 
   Blackside darter Percina maculata Y 2 5 93 100 19 
   Iowa darter Etheostoma exile    1 1 5 
   Johnny darter Etheostoma nigrum   8 25 33 33 
   Logperch Percina caprodes  Y   1 1 5 
   River darter Percina shumardi Y   30 30 19 
   Rainbow darter Etheostoma caeruleum   3 2 5 10 
   Sauger Sander canadensis  25  2 27 19 
   Slenderhead darter Percina phoxocephala Y 1 6 220 227 62 
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TABLE 1.  Continued (see page 35 for heading). 
   Walleye Sander vitreus  55 11 7 73 67 
   Western sand darter Ammocrypta clara Y   22 22 14 
Sciaenidae        
   Freshwater drum Aplodinotus grunniens  140 62 34 236 57 
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FIGURE 1.  Location of 21 reaches sampled in Iowa non-wadeable rivers, 2007–2008.  Stream order is indicated by line thickness.
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FIGURE 2.  Venn diagram of all 84 species sampled from 21 reaches sampled in Iowa non-wadeable rivers, 2007–2008.  Species 
of greatest conservation need are indicated in italics. 
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FIGURE 3.  Mean number of samples necessary to sample a certain percentage of the species 
with an individual gear in 3-km reaches (upper panel) and 5-km reaches (lower panel), 
sampled from 21 reaches in Iowa non-wadeable rivers, 2007–2008.  Error bars represent the 
maximum number of samples necessary to sample a certain percentage of the species 
observed in a reach. 
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FIGURE 4.  Mean minimum number of samples necessary to sample a certain percentage of 
the species observed in a given reach when using combinations of all three gears in 3-km 
reaches (upper panel) and 5-km reaches (lower panel), sampled from 21 reaches in Iowa non-
wadeable rivers, 2007–2008.  Error bars represent one standard error. 
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FIGURE 5.  Mean minimum number of samples necessary to sample a certain percentage of 
the species observed in a given reach when using combinations of electrofishing and trawling 
in 3-km reaches (upper panel) and 5-km reaches (lower panel), sampled from 21 reaches in 
Iowa non-wadeable rivers, 2007–2008.  Error bars represent one standard error. 
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CHAPTER 3 
RELATIONSHIPS BETWEEN FISH ASSEMBLAGES AND HABITAT 
CHARACTERISTICS IN IOWA’S NON-WADEABLE RIVERS 
 
 A manuscript to be submitted for publication in the Fisheries Management and 
Ecology. 
Travis E. Neebling and Michael C. Quist 
 
 North America is considered to have the greatest temperate freshwater biodiversity of 
all the continents (Abell et al. 2000).  However, the status of many freshwater taxa is 
impaired (Master 1990).  For instance, 75% of unionid mussel species and 65% of crayfish 
species are imperiled or have gone extinct.  By comparison, only 14% of terrestrial 
vertebrates (e.g., birds, mammals, reptiles) are imperiled or have gone extinct.  Fishes are one 
of the most impaired taxa with 35% of the species listed as imperiled or having gone extinct; 
twenty-seven species of freshwater fish in North America have gone extinct in the last 100 
years (Miller et al. 1989).  In 1989, Williams et al. (1989) reported that approximately 360 
freshwater fish species in North America warranted protection due to their rarity.  By 2008, 
700 taxa (species, subspecies, and distinct populations) were classified as vulnerable, 
threatened, or endangered (Jelks et al. 2008).  Because of the poor conservation status of 
freshwater fishes, research is urgently needed to determine the factors influencing fish 
assemblages.  Although a number of factors (e.g., depth, substrate composition, flow) have 
been shown to influence the occurrence of fishes (e.g., Moerke and Lamberti 2003; Goldstein 
and Meador 2004; Toft et al. 2007), most studies of fish assemblages have focused on small 
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streams (Schlosser 1982; Angermeier and Schlosser 1987; Fischer and Paukert 2009).  Only 
recently has research focused on the relationship between fish assemblages and habitat in 
large rivers (Yoder and Smith 1999; Angradi 2006; Emery et al. 2006). 
Large rivers are unique and dynamic ecosystems that not only serve commercial and 
recreational needs, but also support high biodiversity of aquatic and semi-aquatic species.  
Unfortunately, large rivers are also some of the most severely degraded ecosystems in the 
United States (Rinne et al. 2005).  The U.S. Environmental Protection Agency (EPA) has 
declared 45% of the nation’s rivers and streams as “impaired” (United States Environmental 
Protection Agency 2002).  Because large rivers are a product of smaller streams and rivers in 
a watershed, large rivers are highly susceptible to pollution and other forms of habitat 
degradation (Flotemersch et al. 2006).  Degradation of river systems has resulted in a 
consequent decline of fishes (Jelks et al. 2008).    
Large rivers can be subdivided into those that are non-wadeable and those classified 
as “great rivers”.  Non-wadeable rivers are typically 5th through 7th order rivers that often 
have extensive areas too shallow to be navigated with a propeller-driven motor and are 
interspersed with deeper holes that cannot be safely waded (Flotemersch 2001).  Great rivers 
(e.g., Mississippi, Missouri, and Ohio rivers) are also technically “non-wadeable”; however, 
they are typically 8th order or greater (Vannote et al. 1980; Ward and Stanford 1995).  Great 
rivers are well connected with their floodplains and often have established backwater areas 
and other lentic habitats.  In the midwestern United States, substantial research has focused 
on great rivers (Yoder and Smith 1999; Emery et al. 2006; Angradi 2006), while data from 
other non-wadeable rivers is limited (Lyons et al. 2001).   
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Iowa has over 115,000 km of streams and rivers contained within its borders [Iowa 
Department of Natural Resources (IDNR) 2007], of which approximately 5,500 km are non-
wadeable defined here as 5th order and larger systems, excluding the Mississippi and 
Missouri rivers.  In Iowa, agriculture is considered the single greatest factor influencing 
rivers, and subsequently fish assemblages (Zohrer 2006).  In Iowa, over 80% of the 
landscape has been altered by agriculture (Natural Resources Conservation Service 2000).  
Menzel et al. (1984) found that fish assemblages were highly influenced by the effects of 
agriculture on Iowa streams (i.e., high nutrient loads, fine-particulate substrates, extensive 
channelization, little instream vegetation).  The degraded condition of many of Iowa’s 
waterways has caused a subsequent decline in fish populations.  Approximately 44% (i.e., 68 
species) of the 144 native fish species in Iowa are identified as species of greatest 
conservation need (SGCN; Zohrer 2006).  Sixty-one of these SGCN can be found in non-
wadeable rivers (Pflieger 1997).  Because of the difficulties associated with sampling fishes 
in non-wadeable systems (i.e., shallow water, abundant woody debris, deep holes) and a 
historic focus on sport fishes (Paragamian and Wiley 1987; Paragamian 1989), little is known 
about the ecology, distribution, and abundance of native fishes in Iowa’s non-wadeable 
rivers.   
A better understanding of fish assemblages (e.g., distribution, abundance of species, 
habitat and species associations) is critical for the proper management and conservation of 
Iowa’s aquatic resources.  As such, the purpose of this research was to describe and evaluate 
factors influencing fishes in Iowa’s non-wadeable rivers.  
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METHODS 
 
Sampling design and reach selection 
A non-wadeable river is defined here as any river where fish sampling cannot be 
conducted safely or effectively using sampling methods typically used in wadeable streams 
(i.e., backpack- or barge-mounted electrofishing equipment; Flotemersch et al. 2006).  Many 
rivers in Iowa are “non-wadeable” during spring floods; however, these same systems may 
be relatively shallow (i.e., <0.25 m deep) during the summer.  Thus, we define a non-
wadeable river as one that has enough deep water to make sampling with a backpack- or 
barge-mounted electrofisher unsafe during most of the year.  In Iowa, these systems are 
generally 5th order and greater (Gallagher 1999). 
Sampling reaches were selected to ensure that a diversity of different river systems 
were sampled.  Potential sample rivers and regions were identified with IDNR biologists and 
technicians.  Access points were then randomly selected from available access points.  The 
length of a sampling reach varied depending on the stream order.  Sampling reaches in 5th 
order rivers were 3 km long and reaches in 6th and 7th order rivers were 5 km long.  Reach 
starting points were selected at random.  Beginning at the upper terminus of each reach, the 
reach was divided into 100-m long sections resulting in 30 sections on 5th order rivers, and 50 
sections on 6th and 7th order rivers.  Reaches were never within 1.5 km of a dam or the entry 
of another non-wadeable river.   
 
 
 
  
 48
Fish sampling methods 
After identifying the 100-m sections, half of the sections were randomly selected (i.e., 
15 sections in 5th order rivers, 25 sections in 6th and 7th order rivers).  Selected sections were 
sampled using a modified Missouri trawl (hereafter referred to as a trawl) and a bag seine.  
The other sections were sampled with boat-mounted electrofishing equipment. 
Trawling has been used to effectively sample fish assemblages in both lentic and lotic 
habitats (Kjelson and Johnson 1978; Stockwell et al. 2007).  The modified Missouri trawl is a 
benthic trawl that is particularly useful for sampling small-bodied fishes in large river 
systems (Herzog et al. 2005).  The trawl opening was 2.4 m wide and 0.6 m tall.  The trawl 
was constructed with an inner trawl body of larger mesh (34.9 mm bar mesh) and outer cover 
of smaller mesh (6.3-mm delta-style knotless mesh).  The result was a large-mesh trawl body 
inside a small-mesh trawl body that prevented smaller specimens from being damaged by 
larger specimens or debris.  Towlines on the trawl were 21.7 m long which allowed for a 7:1 
drop ratio at our expected maximum depth of about 3.1 m.  Otter doors were used to keep the 
trawl open (52 cm long × 32 cm tall).  Attached to the footrope was 1.8 m of 4.7-mm chain 
that ensured the footrope was in constant contact with the river’s bottom.  Further detail on 
the design and development of this style of trawl can be found in Herzog et al. (2005).   
Trawls were pulled from the bow in a downstream direction as described in Herzog et 
al. (2005).  Three trawls were hauled in each section.  Each individual trawl continued until it 
became snagged or until 50 m had been fully trawled.  The first haul sampled the thalweg 
area and the other two hauls sampled non-thalweg areas with random starting points.  Fish 
were processed after each individual haul and the sampling distance was recorded.  
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 Sections sampled with the trawl were also sampled using a bag seine.  The seine was 
3.6 m long and 1.2 m deep, with 6.3-mm delta-style, knotless mesh.  A round bag (0.9 m in 
diameter and 0.9 m deep) was centered both vertically and horizontally in the seine.  Three, 
10 m seine hauls were completed per section, sampling areas not sampled with the trawl.  
The seine was pulled in a downstream direction parallel to the shore.  Fish were processed 
from each individual seine haul.   
 Sections not sampled with the trawl and seine were sampled with boat-mounted, 
pulsed-DC electrofishing equipment.  A VVP-15B Electrofisher (Smith-Root Inc., 
Vancouver, Washington) powered by a 5,000-W generator was mounted in a flat-bottom, 
aluminum boat.  Power output was standardized to 3,000 W based on water conductivity and 
dropper exposure (Burkhardt and Gutreuter 1995).  Electrofishing consisted of a single pass 
with two netters.  Electrofishing proceeded in a downstream direction and sampled thalweg 
and edge-channel habitat (e.g., banks, woody debris, logs, holes) in each section.  Fish were 
netted using dipnets with 6.3-mm delta-style, knotless mesh.   
 The first 400 individuals for each species sampled by each gear were measured to the 
nearest millimeter.  Total length was measured for all fish except shovelnose sturgeon 
Scaphirhynchus platorynchus which was measured to fork length.  Remaining individuals 
were counted.  All individuals were examined for deformities, eroded fins, lesions, and 
tumors (DELTs), fin clips, and tags.  Five voucher specimens, as well as any unidentified 
species, were euthanized using tricaine methanesulfonate (MS-222), preserved in a 10% 
formalin solution, and transported to the laboratory for identification.  Threatened or 
protected species were not preserved.  Species that were too large to be preserved were 
extensively photographed.   
  
 50
 
Habitat sampling methods 
 The habitat assessment protocol used in this study was developed by consulting the 
Iowa Department of Natural Resources (IDNR) wadeable streams physical habitat 
assessment (Wilton 2004) and U.S. Environmental Protection Agency (EPA) non-wadeable 
river protocols (Flotemersch 2001).  The IDNR wadeable streams protocol was developed for 
smaller streams and is based on the EPA’s wadeable streams physical habitat methods.  The 
EPA’s non-wadeable protocol is based on protocols developed for the EPA Environmental 
Monitoring and Assessment Program (EMAP), EPA Rapid Bioassessment Protocol, U.S. 
Geological Survey National Water Quality Assessment program, and Maryland DNR–
Maryland Biological Stream Survey (Flotemersch 2001). 
Habitat was assessed at the boundary between fish sampling sections, hereafter 
referred to as a transect.  Wetted channel width and bank full width (i.e., normal high water 
mark) were measured to the nearest 0.5 m using a laser range finder at each transect (Merritt 
et al. 2005).  Water depth was measured at seven evenly-spaced sampling locations across 
each transect using a sounding pole, or sounding rope if the depth was greater than the length 
of the pole.  Depth was recorded to the nearest decimeter.  Due to sampling logistics, depth 
measurements were taken on different dates than fish sampling.  To account for differences 
in stage, depth measurements were corrected to the date of fish sampling based on gauge 
readings from the U.S. Geological Survey.  Secchi disk depth (m) and water temperature (oC) 
were measured at the transect point closest to the thalweg every three hours during sampling.  
Water velocity was measured using a Marsh McBirney Flo-Mate Portable Velocity Meter 
(Model 2000; Marsh-McBirney Inc., Frederick, Maryland) mounted on the sounding pole.  
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When depth was less than one meter, current velocity was measured ~2 cm off the bottom 
and at 60% of the depth (modified from Buchanan and Somers 1980; Kaufmann et al. 1999; 
Flotemersch et al. 2001).  In water depths greater than one meter, velocity was measured at 
20% and 80% of the depth.  Depending on depth, substrate was sampled at each point along 
the transect using the bottom of the sounding pole or by hand (Platts et al. 1983).  Substrate 
was classified using a modified Wentworth scale, as coarse particulate organic matter, clay 
(<0.004 mm), silt (0.004-0.062 mm), sand (0.062-2 mm), gravel (2-64 mm), cobble (64-256 
mm), boulder (>256 mm), or bedrock (Orth and Maughan 1982).   
 Woody debris, boulders, and other structure located in a 2-m band centered on the 
transect (i.e., one meter upstream and one meter downstream of the transect line) was 
measured (modified from Kaufmann et al. 1999).  Woody debris was classified as tree fall, 
submerged tree, root-wad, log pile-single, log pile-multiple, debris dam, or stump.  A debris 
dam differed from a log pile-multiple in that it blocked off more than 50% of the main 
channel or mouth of a side channel or tributary.  Only woody debris greater than 0.2 m in 
diameter and 0.5 m long was measured.  Out-of-water structure that would be submerged at 
bankfull water level was also recorded using the same categories. 
 Bank geometry, classification, substrate, and vegetation were recorded for the left and 
right bank.  The bank was classified as the 2-m band surrounding the transect, extending 2 m 
vertically from the water level (modified from Kaufmann et al. 1999).  Classifications 
included sandbar, sloping bank, undercut bank, eroding cutbank, and other.  Bank substrate 
was estimated as the percentage of silt, sand, gravel, cobble, boulder, bedrock, clay pan, 
vegetated soil, and other.  The percentage of bank vegetation cover (i.e., roots, grass, forbs, 
shrubs, trees, bare ground, other) was also recorded.  Angle(s) for the bank were recorded for 
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the 2-m vertical section by measuring the rise and run of each unique bank angle up to 2 m 
above the waterline. 
 Floodplain characteristics were recorded at each transect for both sides of the bank.  
Beginning at the bank (0 m) and ending at 500 m, the dominant land use, cover-type, and tree 
species (if present) were recorded (modified from Flotemersch et al. 2006).  Also, the amount 
of floodplain that would be flooded at medium, high, and flood levels (i.e., based on 
historical river stage) was estimated based on area.  Canopy cover was measured using a 
convex densiometer as an aerial percentage of overhanging canopy (Murphy et al. 1981). 
 
Data analysis 
 Species diversity was estimated using a number of common diversity indices.  
Species richness was the total number of fish species sampled in each reach.  The Shannon-
Weaver diversity index (H´) was also calculated for each reach; H´ is a measure of both the 
number of species sampled and the evenness of those species (Krebs 1999).  Catch-per-unit-
effort (C/f) was calculated as the number of fish per 100 m. 
Fish assemblage structure was first evaluated using a cluster analysis following 
Cairns and Kaesler (1971).  A Jaccard similarity matrix was created using the presence-
absence data of all 84 species.  This matrix was then clustered using the unweighted pair 
group method with arithmetic mean (UPGMA) and a dendrogram was constructed.  The 
cluster analysis was completed using NTSYSpc (Rohlf 2000).   
Relationships between fish assemblages and habitat characteristics were further 
evaluated using non-metric multidimensional scaling (NMDS; Ruetz et al. 2007).  Non-
metric multidimensional scaling was used to ordinate the sample reaches based on similarity 
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of the fish assemblages.  Reaches with similar assemblages are located close together and 
reaches with dissimilar assemblages are farther apart on NMDS axes (Kruskal and Wish 
1984).  Non-metric multidimensional scaling is well suited to ecological and community data 
as it is unconstrained by environmental variables (McCune and Grace 2002).  Environmental 
variables can then be fit to the ordination as vectors to identify environmental gradients.  
Two NMDS analyses were constructed, one using presence-absence data and the other using 
species C/f.   Both ordinations were completed using the Bray Curtis distance measure in PC-
ORD (McCune and Mefford 2002).  Rare species were not removed from the analyses 
because the majority of species sampled would be categorized as rare.  In addition, rare 
species may be particularly sensitive to habitat alterations and their occurrence is important 
in detecting habitat characteristics and environmental change (Cao et al. 1998).  
Habitat variables were summarized using descriptive statistics (e.g., min, max, mean) 
and correlated with NMDS axes scores.  Habitat variables that had an r-value greater than 
0.30 were retained and fit to the NMDS ordinations as vectors.  Vectors indicated the 
direction and strength of the correlation between the ordination and the habitat variable 
(McCune and Grace 2002). 
Reaches were grouped based on results of the cluster analysis and ordinations.  Multi-
response permutation procedures (MRPP) were performed on the ordinations to test the 
hypothesis of no difference between groups (McCune and Grace 2002).  The MRPP yields an 
A-statistic that represents a chance corrected within-group agreement value.  When all 
species are identical within groups, A equals one.  If heterogeneity within groups equals that 
which is possible by chance, then A equals zero.  Negative A-values indicate that there is less 
heterogeneity within groups than expected by chance.  The MRPP also tests whether groups 
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are significantly different.  The Sorensen distance measure was used in the MRPP analysis.  
When more than two groups were present, a Bonferroni correction was used to correct for 
multiple pairwise comparisons.  An indicator species analysis (ISA) was also performed to 
determine which species had the greatest influence on the groupings (Dufrene and Legendre 
1997; McCune and Grace 2002; Toft et al. 2007).  Lastly, Chi-square tests were performed to 
supplement the ISA and determine whether the occurrence of each species differed among 
groups.  A chi-square test was performed among all groups, then individual tests were 
performed between pairs of groups.  A Bonferroni correction was used to account for 
multiple comparisons.  The MRPP and ISA analyses were performed using PC-ORD 
(McCune and Mefford 2002).   
Multivariate analysis of variance (MANOVA) was used to determine if habitat 
variables identified as important (i.e., r > 0.30) in the NMDS-habitat correlations differed 
between groups.  Proportion data were arcsine-square-root transformed (Zar 1984).  If 
MANOVA results were significant, then one-way analysis of variance (ANOVA) was used 
to determine how variables differed between groups.  Chi-square tests, MANOVA, and 
ANOVA were performed in SAS version 9.1 (SAS Institute 2005) using α = 0.05. 
 
RESULTS 
 
Fish assemblages 
Twenty-one reaches on 16 different rivers were sampled in the summers of 2007 and 
2008 (Figure 1).  Ten 3-km long reaches and eleven 5-km long reaches were sampled.  A 
total of 21,292 individual fish were sampled representing 17 families and 84 species (Table 
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1).   Twenty-three SGCN were sampled including one state threatened species (i.e., western 
sand darter; scientific names are provided in Table 1).  Three noteworthy collections were 
made: the first spotted gar recorded from an interior Iowa river, the first skipjack herring 
recorded beyond the lower extremes of Iowa interior rivers since the early 1900s, and the 
first western sand darter recorded from an interior Iowa river since 1958. 
Sand shiner was the most abundant species followed by channel catfish, spotfin 
shiner, banded darter, and gizzard shad (Table 1).  The 63 least abundant species each 
comprised less than 1% of the total catch.  Therefore, 75% of the species sampled in this 
study made up less than 1% of the total catch.  Although shorthead redhorse, common carp, 
and quillback carpsucker were not the most abundant species, they were sampled in all 
reaches (Table 1).  Four nonnative species were sampled in this study: bighead carp, common 
carp, grass carp, and rainbow trout. 
 Catch-per-unit-effort by reach varied from 5.9 to 44.0 fish per 100 m (mean ± 
standard deviation; 16.8 ± 11.4).  The Little Sioux River had the lowest species richness (16), 
while the Cedar River at Vinton had the highest species richness (41; mean across reaches = 
28 ± 6).  The Maquoketa River at Spragueville had the lowest number of sampled individuals 
(257), while the greatest number of individuals were sampled from the Shellrock River 
(2,262; mean across reaches = 1,014 ± 677).  This result is especially interesting given that 
the Maquoketa River at Spragueville was a 5 km reach, while the Shellrock River was a 3 km 
reach.  Shannon-Weaver diversity index values varied from 1.39 to 2.98 among reaches (2.06 
± 0.39).   
  
Habitat characteristics 
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 Mean wetted channel width varied from 23.4 to 229.5 m (76.5 ± 55.4 m) and mean 
bank full width varied from 32.7 to 262.9 m (92.2 ± 57.3 m) among reaches (Table 2).  Mean 
depth varied from 0.5 to 2.3 m (1.2 ± 0.6 m).  Once corrected to the date of fish sampling, 
mean depth varied from 0.7 to 2.8 m (1.4 ± 0.5 m).  The deepest depth measurement was 
18.0 m.  Mean current velocity varied from 0.16 to 0.85 m/s (0.40 ± 0.19 m/s) with a 
maximum current velocity measurement of 1.34 m/s.  Reaches were dominated by sand 
substrate (70 ± 20%), with silt (9 ± 9%), gravel (10 ± 9%), and cobble (9 ± 14%) accounting 
for relatively equal proportions of the substrate composition.  Boulder substrate was rare (2 ± 
4%), and coarse particulate organic matter, bedrock, and clay each made up less than one 
percent of the mean substrate.   
 Measured total instream cover varied from 23 to 779 m3 (131 ± 158 m3; Table 2).  
Extrapolating the volume of instream habitat measured to the size of the sampling reach 
resulted in a total estimated volume of instream habitat varying from 1,174 to 38,958 m3 
(6,560 ± 7,942 m3).  Log piles and debris dams accounted for 53% of instream habitat, 
followed by tree falls (37%), rip-rap (4%), boulders (3%), and standing trees (1%).  Other 
forms of instream cover (e.g., urban refuse) made up about 2% of the total volume of 
instream cover. 
 Measured out-of-stream habitat varied from 42 to 629 m3 (190 ± 127 m3; Table 2).  
Extrapolating the volume of out-of-stream habitat measured to the area of the sampling 
reaches resulted in a total estimated volume of out-of-stream habitat varying from 2,112 to 
31,461 m3 (9,532 ± 6,354m3).  Non-woody vegetation accounted for the greatest percentage 
of out-of-stream habitat (36%), followed by log piles and debris dams (20%), rootballs and 
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protruding roots (13%), tree falls (12%), rip-rap and boulders (11%), willows (7%), and other 
(e.g., urban refuse; 1%).  
 Mean bank angle varied from 30.9º to 76.8º (53.2º ± 11.6º) and mean canopy cover 
varied from 3.0% to 38.8% cover (16.9 ± 11.3%; Table 2).  Riparian cover was evaluated as 
the percentage of each cover type in the area from the river bank to 500 m out from the bank.  
Percentage of each cover type was highly variable among reaches.  Percent wooded cover 
type varied from 9 to 97% (54 ± 28%).  Percent grass cover type varied from 0 to 18% (2 ± 
4%) and percent pasture cover type varied from 0 to 21% (2 ± 6%).  Percent row crop cover 
type varied from 0 to 77% (30 ± 27%) and percent urban cover type varied from 0 to 10% (1 
± 2%).  The percent cover type which was unknown (i.e., could not be viewed from the river) 
averaged 11%. 
  
Relationships between fish assemblages and habitat characteristics 
Relationships between fish assemblages and habitat characteristics were first 
evaluated using a cluster analysis (Figure 2).  Using the least restrictive pairings of the data, 
three distinct groups were observed.  The first four reaches (i.e., Big Sioux, Charition, East 
Nishnabotna, and Little Sioux rivers) clustered together and contained the reaches in the 
Missouri River drainage (hereafter Missouri River).  The last seven reaches (i.e., Boone, 
Cedar-West Idlewild, Maquoketa-Joinerville, Shellrock, Wapsipinicon-Troy Mills, and West 
Fork Des Moines rivers) also clustered together and are all in the Mississippi River drainage 
(hereafter Mississippi River “A”).  Finally, the remaining reaches clustered together, all of 
which are also in the Mississippi River drainage (hereafter Mississippi River “B”).   
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Relationships between fish assemblages and habitat characteristics were evaluated 
using NMDS.  The first ordination was constructed using presence-absence data (Figure 3).  
The resulting ordination was two-dimensional with a final stress of 19.1, a final instability of 
0.003, and a P-value of 0.004, indicating that obtaining a lower stress with random data was 
unlikely.  Results of the ordination were nearly identical to those from the cluster analysis in 
that the same three clusters of reaches were easily identified.  The MRPP was performed 
using the three groupings: (1) Missouri River drainage, (2) Mississippi River drainage “A”, 
and (3) Mississippi River drainage “B”.  Using the Sorensen distance measure, the resulting 
chance-corrected within-group agreement (A) was 0.15 (P<0.0001), indicating significant 
differences in fish assemblage structure among the groups.  
Habitat variables correlated with NMDS scores were the coefficient of variation in 
stream velocity, corrected mean depth, mean percentage of fine substrate (i.e., sand, silt), 
mean percentage of large substrate (i.e., cobble, boulder), mean wetted channel width, and 
the proportion of depths greater than 2 m (Figure 3).  Selected habitat variables differed 
among the three groups (Pillai's Trace12,30 = 0.96, P = 0.046); therefore, one-way ANOVAs 
were conducted.  Percent large substrate was not included in the MANOVA because it was 
highly correlated with percent fine substrate.  Individual ANOVA between groups indicated 
that only percent fine substrate differed significantly among the three groups (F2,18 = 5.23, P 
= 0.016); remaining habitat variable P values varied from 0.0518 (mean wetted channel 
width) to 0.656 (mean depth).  Although, not all habitat variables were not significantly 
different between groups, several trends were apparent (Figure 4).  Reaches in the Missouri 
River drainage were typically narrow and had a high proportion of fine substrate.  Reaches in 
the Mississippi River group “A” were also narrow, but typically had a high proportion of 
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large substrate.  Reaches in the Mississippi River group “B” tended to be wider, deeper, and 
have higher proportions of fine substrate. 
The ISA indicated that 14 species were strong indicators of the three groups (Table 
3).  The three-way chi-square test indicated only two species were strong indicators (i.e., red 
shiner, white sucker); however, chi-square tests between any two of the groups indicated 
between two and six strong indicators.  The most common indicator species were white 
sucker (four of the five tests) and red shiner (three of the five tests).  Additionally, goldeye, 
golden redhorse, slenderhead darter, smallmouth buffalo, and shortnose gar were shown to be 
indicator species in two of the five tests.  No single indicator species was able to indicate a 
single group; however, the presence of golden redhorse or slenderhead darter indicated that 
the reach was not in the Missouri River drainage.  Additionally, the presence of goldeye, red 
shiner, smallmouth buffalo, or shortnose gar indicated that the reach was not in the 
Mississippi River group “A”, and the presence of blackside darter or white sucker indicated 
that the reach was not in Mississippi River group “B”. 
A second ordination was created using C/f (Figure 5).  The resulting ordination was 
three-dimensional with a final stress of 8.4, a final instability of 0.000001, and a P-value of 
0.004, indicating that obtaining a lower stress with random data was unlikely.  The MRPP 
was performed using the three groupings as before.  Using the Sorensen distance measure, 
the resulting chance-corrected within-group agreement (A) equaled 0.054 (P = 0.017) 
suggesting significant differences among the groups.  However, when corrected for the three 
groups (i.e., Bonferroni correction), the resulting MRPP was not significant.  Because the 
groups were not significantly different, indicator species analyses were not performed.  
Overlaying the selected habitat variables as vectors on the ordinations revealed that six 
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habitat variables had r-values greater than 0.30 in relation to the fish abundance data: the 
coefficient of variation of stream flow, mean bank angle, mean wetted channel width, 
percentage large substrate (i.e., cobble, boulder), the proportion of depths greater than 2 m, 
and total instream rocky habitat (Figure 5).   
 
DISCUSSION 
 
 Iowa’s non-wadeable rivers exhibit high diversity where 84 fish species, or 54% of 
the species known to occur in Iowa, were sampled in this study.  Interestingly, fish 
assemblages could be categorized as belonging to one of three major groups.  The three 
groups of reaches and associated fish assemblages were likely related to stream 
geomorphology (i.e., depth, stream gradient, substrate, width).  Stream theory suggests that 
as a river flows downstream, stream gradient decreases, and depth, channel width, and the 
proportion of fine substrate increases (Vannote et al. 1980; Benke and Cushing 2005).  
Reaches in the Mississippi River drainage “A” were characteristic of “headwater” or lower 
order streams because they had a high proportion of large substrate and relatively shallow, 
narrow channels.  In contrast, reaches in the Mississippi River drainage “B” group had higher 
proportions of fine substrate, were deeper, and were relatively wide.   Smith and Hubert 
(1989) examined habitat and fish assemblages in the Powder River of Wyoming.  The 
mainstem of the Powder River was similar to reaches in the Mississippi River “B” group 
with fine substrate and wide channels.  Tributaries to the Powder River had similar 
geomorphic characteristics (e.g., depth, substrate, width) to Mississippi River “A” reaches.  
Many of the warmwater species in the Powder River were the same as those grouped in 
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Mississippi River “B” in this study (e.g., shovelnose sturgeon, sauger), and many of the 
species in the Powder River tributaries were the same species that were grouped in the 
Mississippi River “A” group in the current study (e.g., fathead minnow, white sucker).  
These results support the idea of defining groups based on geomorphology, as species in two 
distinct regions (i.e., Iowa and Wyoming) were affiliated with specific geomorphic 
characteristics such as substrate. 
 Fish assemblages characteristic of the Missouri River drainage included red shiner, 
shoal chub, and western silvery minnow.  These three species tend to be more abundant in 
the Missouri River drainage than in the Mississippi River drainage (Pflieger 1997).  Species 
commonly sampled in the Mississippi River drainage “A” included gravel chub, logperch, 
rock bass, and suckermouth minnow.  Species sampled from the Mississippi River drainage 
“A” were typically benthic species with strong associations to large substrate (i.e., cobble and 
boulder; Pflieger 1997).  For example, Jones and Maughan (1987) found that logperch prefer 
streams with gravel and rocky bottoms in Oklahoma and Tiemann et al. (2004) found that 
suckermouth minnow in Kansas was most common in reaches characterized by large 
substrate.  In contrast to group “A”, the fish assemblage in the Mississippi River drainage 
“B” was characterized by species such as gizzard shad, mooneye, shovelnose sturgeon, and 
skipjack herring.  Species sampled from the Mississippi River drainage “B” were typically 
large river species that prefer fine, shifting substrates (Becker 1983; Pflieger 1997).  For 
instance, Paragamian (1971) found that mooneye and gizzard shad were most commonly 
sampled over expanses of fine substrate.  Similarly, Coker (1930) and Cross and Huggins 
(1975) both found that skipjack herring prefer fine substrates.   
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 Reaches in Iowa’s non-wadeable rivers with larger substrate were dominated by 
benthic species (e.g., banded darter, gravel chub, rainbow darter, suckermouth minnow; 
Pflieger 1997).  Rocky habitat and large substrate (i.e., cobble and boulder) provide 
important spawning habitat and create interstitial spaces for invertebrate production (Probst 
et al. 1984; Waters 1995).  Large rocks also create eddies which provide refuge from stream 
flow and accumulate organic matter, both of which are beneficial to fish.  Heitke et al. (2006) 
found a positive relationship between boulder abundance and index of biotic integrity (i.e., 
IBI) scores in Iowa streams.  Lobb and Orth (1991) found that total fish abundance in large 
warmwater streams was greatest in riffle habitats dominated by large substrates.  
Additionally, boulders were the second strongest indicator of fish assemblage composition in 
agricultural streams in the upper Midwest (Talmage et al. 2002).  Reaches associated with 
large substrate were also associated with greater coefficients of variation of stream flow.  
Coefficient of variation of stream flow was selected as a potential habitat variable because it 
served not only as a measure of flow, but also of available habitat (i.e., cover, refuge from 
high flow) or habitat heterogeneity.  Many studies have found that the availability of cover is 
directly related to species richness (Pusey et al. 1993).  Additionally, Angermeier and 
Schlosser (1989) and Johnson and Jennings (1998) found that the number of fish species 
increased as habitat heterogeneity increased.  Traditionally, species richness was thought to 
be most closely related to area (Williams 1964), where the number of species sampled 
increases as the area sampled increases.  However, Baldi (2007) suggests that habitat 
heterogeneity may have a larger role in estimating species richness than species-area 
relationships.  Regardless, additional research is needed to better understand the mechanisms 
associated with habitat heterogeneity in non-wadeable rivers. 
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 Reaches with a high proportion of fine substrate also tended to have a high proportion 
of depths greater than 2 m and wide channels.  In general, these were the higher order 
reaches located closer to the river’s terminus at either the Mississippi or Missouri rivers.  
These reaches were dominated by small-bodied fishes not associated with benthic habitats 
(e.g., mimic shiner, channel shiner), or large river benthic species (e.g., blue sucker, 
shovelnose sturgeon).  A number of studies have shown that large river benthic species 
associate with expanses of fine substrate.  For example, both Curtis et al. (1997) and Quist et 
al. (1999) found that shovelnose sturgeon were most common over sand substrate in large 
rivers.  Additionally, a number of cyprinid species (e.g., Macrhybopsis spp., Notropis spp.) 
prefer open channel areas with fine substrates (Harlan et al. 1987; Eberle et al. 1997; Pflieger 
1997). 
 Although several species had clear associations with habitat, the majority of the 
species sampled in this study were not strongly associated with specific habitat 
characteristics.  A number of factors may explain this pattern.  One explanation is that many 
fishes in Iowa’s non-wadeable rivers are naturally tolerant species.  Fish assemblages in 
prairie streams and rivers have adapted to unstable flow regimes and harsh environmental 
fluctuations (Matthews 1988; Dodds et al. 2004), resulting in fish assemblages dominated by 
habitat, trophic, and reproductive generalists (Fausch and Bestgen 1997; Bramblett et al. 
2005).  An alternative explanation is that aquatic habitat in Iowa has been degraded by the 
effects of urbanization and agriculture (Menzel et al. 1984).  Historically, Iowa’s non-
wadeable rivers may have supported a diversity of fishes that varied between rivers; 
however, due to degradation of habitat and loss of intolerant species, these rivers are now 
dominated by generalist species (Palic et al. 2007; Heitke et al. 2006).   Examples of habitat 
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generalists in this study included the three species sampled in all reaches (i.e., common carp, 
quillback carpsucker, shorthead redhorse), as well as channel catfish, green sunfish, and sand 
shiner.  Lobb and Orth (1991), Kinsolving and Bain (1993), and Guenther and Spacie (2006) 
also found many of these species to be habitat generalists in their study systems. 
 Non-wadeable rivers are diverse ecosystems that serve a variety of needs and must, 
therefore, be managed carefully.  Historic management practices have focused primarily on 
sport fish species (Paragamian and Wiley 1987; Paragamian 1989); however, of the 84 
species sampled in this study only 14 can be described as sport fish (Harlan et al. 1987).  The 
remaining 70 species are not sport fish, but are an important component of aquatic food webs 
and are critical for ecosystem function (Bertrand and Gido 2007; Herwig and Zimmer 2007).  
More research is needed in these systems to define or quantify the boundary between the 
groups identified by fish assemblage and habitat variables, and to better understand the 
ecology of fishes in non-wadeable systems.   
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 TABLE 1.  Fishes sampled from 21 reaches in Iowa’s non-wadeable rivers, 2007–2008.  Species are listed in phylogenetic order 
by family and then alphabetically by common name.  Also listed is an indication of whether a species is a species of greatest 
conservation need (SGCN), the mean catch per unit effort (CPUE = mean number of individuals per 100 m ± standard deviation), 
the total number of individuals, and the frequency of occurrence (percentage of reaches). 
Family and species Scientific name SGCN CPUE Total Frequency 
Acipenseridae      
   Shovelnose sturgeon Scaphirhynchus platorynchus Y 0.018 ± 0.116 40 24 
Lepisosteidae      
   Longnose gar Lepisosteus osseus  Y 0.028 ± 0.138 43 19 
   Shortnose gar Lepisosteus platostomus  0.041 ± 0.155 57 38 
   Spotted gar Lepisosteus oculatus Y 0.001 ± 0.007 2 10 
Hiodontidae      
   Goldeye Hiodon alosoides Y 0.015 ± 0.095 23 29 
   Mooneye Hiodon tergisus  0.010 ± 0.069 15 14 
Clupeidae      
   Gizzard shad Dorosoma cepedianum  0.374 ± 2.059 1,110 48 
   Skipjack herring Alosa chrysochloris Y 0.001 ± 0.005 1 5 
Cyprinidae      
   Bighead carp Hypophthalmichthys nobilis  0.001 ± 0.008 1 5 
   Bigmouth shiner Notropis dorsalis  0.015 ± 0.065 240 33 
   Blacknose dace Rhinichthys obtusus  a 6 5 
   Bluntnose minnow Pimephales notatus  0.044 ± 0.126 613 67 
   Brassy minnow Hybognathus hankinsoni  a 8 10 
   Bullhead minnow Pimephales vigilax   0.012 ± 0.040 171 48 
   Central stoneroller Campostoma anomalum  0.001 ± 0.009 12 14 
   Channel shiner Notropis wickliffi  0.004 ± 0.014 171 24 
   Common carp Cyprinus carpio  0.299 ± 0.599 404 100 
   Common shiner Luxilus cornutus  0.020 ± 0.102 37 19 
   Creek chub Semotilus atromaculatus  0.025 ± 0.169 44 33 
   Emerald shiner Notropis atherinoides  0.136 ± 0.412 391 71 
   Fathead minnow Pimephales promelas  0.028 ± 0.109 83 71 
   Grass carp Ctenopharyngodon idella  0.001 ± 0.011 2 5 
   Gravel chub Erimystax x-punctatus Y 0.009 ± 0.045 314 10 
   Hornyhead chub Nocomis biguttatus  0.001 ± 0.008 1 5 
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TABLE 1.  Continued (see page 75 for heading). 
   Longnose dace Rhinichthys cataractae Y 0.108 ± 0.556 3 10 
   Mimic shiner Notropis volucellus  0.004 ± 0.016 309 19 
   Mississippi silvery minnow Hybognathus nuchalis Y a 86 10 
   Ozark minnow Notropis nubilus Y 0.005 ± 0.042 1 5 
   Plains minnow Hybognathus placitus  Y 0.315 ± 1.50 9 5 
   Red shiner Cyprinella lutrensis  0.003 ± 0.017 627 33 
   River shiner Notropis blennius  0.047 ± 0.344 36 10 
   Rosyface shiner Notropis rubellus  0.172 ± 0.390 57 24 
   Sand shiner Notropis stramineus  0.007 ± 0.035 4,208 95 
   Shoal chub Macrhybopsis aestivalis Y 0.758 ± 2.471 442 57 
   Silver chub Macrhybopsis storeriana  0.002 ± 0.008 68 62 
   Spotfin shiner Cyprinella spiloptera  a 2,509 86 
   Suckermouth minnow Phenacobius mirabilis  a 8 19 
   Western silvery minnow Hybognathus argyritis Y  2 10 
Catostomidae   0.059 ± 0.184   
   Bigmouth buffalo Ictiobus cyprinellus  0.003 ± 0.017 67 57 
   Blue sucker Cycleptus elongatus Y 0.700 ± 2.255 5 14 
   Golden redhorse Moxostoma erythrurum  0.099 ± 0.337 794 67 
   Highfin carpsucker Carpiodes velifer  0.051 ± 0.301 110 43 
   Hybrid carpsucker Carpiodes spp.  0.073 ± 0.356 95 33 
   Northern hog sucker Hypentelium nigricans  0.262 ± 0.795 174 52 
   Quillback carpsucker Carpiodes cyprinus  0.347 ± 1.086 299 100 
   River carpsucker Carpiodes carpio  0.011 ± 0.084 503 86 
   River redhorse Moxostoma carinatum Y 0.004 ± 0.020 17 5 
   Silver redhorse Moxostoma anisurum  0.560 ± 1.300 6 14 
   Shorthead redhorse Moxostoma macrolepidotum  0.060 ± 0.179 752 100 
   Smallmouth buffalo Ictiobus bubalus  0.013 ± 0.048 75 57 
   White sucker Catostomus commersonii   25 38 
Ictaluridae   0.002 ± 0.012   
   Black bullhead Ictiobus niger   0.205 ± 0.386 5 14 
   Channel catfish Ictalurus punctatus  0.056 ± 0.166 2,871 95 
   Flathead catfish Pylodictis olivaris  0.003 ± 0.02 85 62 
   Stonecat Noturus flavus  0.006 ± 0.05 482 57 
   Yellow bullhead Ameiurus natalis  0.108 ± 0.556 7 10 
  
 TABLE 1.  Continued (see page 75 for heading). 
Esocidae      
   Northern pike Esox lucius  0.007 ± 0.03 9 19 
Umbridae      
   Central mudminnow Umbra limi Y 0.001 ± 0.008 1 5 
Salmonidae      
   Rainbow trout Oncorhynchus mykiss  0.001 ± 0.008 1 5 
Percopsidae      
   Trout perch Percopsis omiscomaycus Y a 1 5 
Fundulidae      
   Blackstripe topminnow Fundulus notatus Y a 1 5 
Moronidae      
   White bass Morone chrysops  0.071 ± 0.296 160 33 
Centrarchidae      
   Black crappie Pomoxis nigromaculatus  0.014 ± 0.047 20 38 
   Bluegill Lepomis macrochirus  0.074 ± 0.180 117 67 
   Green sunfish Lepomis cyanellus  0.021 ± 0.077 28 48 
   Largemouth bass Micropterus salmoides  0.005 ± 0.027 12 29 
   Northern rock bass Ambloplites rupestris  0.017 ± 0.110 18 24 
   Orangespotted sunfish Lepomis humilis  0.010 ± 0.033 64 48 
   Pumpkinseed Lepomis gibbosus  0.001 ± 0.01 2 5 
   Smallmouth bass Micropterus dolomieu  0.167 ± 0.511 215 67 
   White crappie Pomoxis annularis  0.006 ± 0.028 11 24 
Gasterosteidae      
   Brook stickleback Culaea inconstans  a 3 5 
Percidae      
   Banded darter Etheostoma zonale Y 0.010 ± 0.052 1,348 29 
   Blackside darter Percina maculata Y 0.003 ± 0.012 100 19 
   Iowa darter Etheostoma exile  a 1 5 
   Johnny darter Etheostoma nigrum  0.001 ± 0.002 33 33 
   Logperch Percina caprodes  Y a 1 5 
   River darter Percina shumardi Y a 30 19 
   Rainbow darter Etheostoma caeruleum  a 5 10 
   Sauger Sander canadensis  0.017 ± 0.075 27 19 
   Slenderhead darter Percina phoxocephala Y 0.003 ± 0.011 227 62 
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TABLE 1.  Continued (see page 75 for heading). 
   Walleye Sander vitreus  0.044 ± 0.11 73 67 
   Western sand darter Ammocrypta clara Y a 22 14 
Sciaenidae      
   Freshwater drum Aplodinotus grunniens  0.103 ± 0.322 236 57 
a less than 0.001 fish/100 m 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 TABLE 2.  Description and summary statistics of habitat variables measured from 21 reaches in Iowa non-wadeable rivers, 2007–
2008. 
Variable Description Mean Stdev Min Max 
Channel morphology and flow 
Depth Mean depth (m), corrected to date of fish sampling 1.44 0.54 0.71 2.80 
Angle Mean bank angle (degree) 53.25 11.56 30.93 76.89 
WCW Mean wetted channel width (m) 76.54 55.41 23.39 229.47 
BFW Mean bank full width (m) 92.18 57.32 32.77 262.87 
Flow Mean current velocity (m/s) 0.40 0.19 0.16 0.85 
Substrate 
Clay Mean proportion clay substrate (%) 0.10 0.28 0.00 1.15 
Silt Mean proportion silt substrate (%) 8.35 9.04 0.00 32.86 
Sand Mean proportion sand substrate (%) 70.44 19.76 17.79 96.22 
Gravel Mean proportion gravel substrate (%) 10.31 9.31 0.55 35.13 
Cobble Mean proportion cobble substrate (%) 8.91 14.35 0.00 59.86 
Boulder Mean proportion boulder substrate (%) 1.58 3.92 0.00 16.98 
Bedrock Mean proportion bedrock substrate (%) 0.27 0.95 0.00 4.15 
Instream cover 
TF-I Proportion of total instream cover - tree fall (%) 36.98 31.97 0.00 98.78 
ST-I Proportion of total instream cover - submerged tree (%) 0.77 1.83 0.00 7.70 
LP-I Proportion of total instream cover - log pile (%) 53.12 33.48 0.32 97.68 
B-I Proportion of total instream cover - boulder (%) 3.47 10.13 0.00 38.90 
RR-I Proportion of total instream cover - rip-rap (%) 3.91 9.63 0.00 38.54 
Other-I Proportion of total instream cover - other (%) 1.74 6.19 0.00 28.40 
Wood-in Mean volume of instream woody debris (m3) 122.17 159.58 17.36 774.10 
Rock-in Mean volume of instream rock (m3) 7.27 12.59 0.00 41.52 
Canopy and bank characteristics 
Canopy Mean canopy cover (%) 16.86 11.29 3.04 38.75 
TF Proportion of total bank cover - tree fall (%) 12.81 14.68 0.00 42.14 
RB Proportion of total bank cover - roots (%) 12.93 10.38 1.10 34.37 
LP Proportion of total bank cover - log pile & debris dam (%) 19.67 22.51 0.00 79.00 
RR Proportion of total bank cover - rip-rap (%) 11.07 11.25 0.00 43.47 
W Proportion of total bank cover - willow (%) 7.71 16.40 0.00 64.21 
NWV Proportion of total bank cover - non-woody vegetation (%) 35.73 24.92 2.19 93.41 
Other Proportion of total bank cover - other (%) 0.09 0.35 0.00 1.59 
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 TABLE 2.  Continued (see page 79 for heading). 
Wood-out Mean volume of bank woody debris (m3) 108.60 106.62 7.00 479.47 
Rock-out Mean volume of bank rock (m3) 17.11 17.07 0.00 62.00 
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TABLE 3.  Statistically-significant indicator species from an indicator species analysis (ISA) and Chi-square tests for groups of 
reaches sampled from 21 reaches in Iowa non-wadeable rivers, 2007–2008.  Groups include the Missouri River drainage (MO), 
the Mississippi River group “A” (MS “A”), and the Mississippi River group “B” (MS “B”). 
ISA MO v MS “A” v MS “B” MO v MS “A” MO v MS “B” MS “A” v MS “B” 
Banded darter Red shiner Gizzard shad Blackside darter Smallmouth buffalo 
Bigmouth shiner White sucker Golden redhorse White sucker White sucker 
Creek chub  Goldeye   
Flathead catfish  Red shiner   
Golden redhorse  Shortnose gar   
Goldeye  Slenderhead darter   
Highfin carpsucker     
Red shiner     
Shortnose gar     
Silver chub     
Slenderhead darter     
Smallmouth buffalo     
Spotfin shiner     
White sucker     
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FIGURE 1.  Location of 21 reaches sampled in Iowa non-wadeable rivers, 2007–2008.  Stream order is indicated by line thickness. 
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FIGURE 2.  Dendrogram of 21 reaches sampled in Iowa non-wadeable rivers, 2007–2008, based on Jaccard’s similarity of fish 
assemblage presence-absence data. 
  
   
Axis 1
FIGURE 3.  Non-metric multidimensional scaling ordination of fish species presence-absence data from 21 reaches sampled in 
Iowa non-wadeable rivers, 2007–2008.  Species are indicated by an ×.  Gray circles represent reaches in the Missouri River 
drainage, solid circles represent reaches in the Mississippi River group “A”, and open circles represent reaches in the Mississippi 
River group “B”.  Physical habitat variables correlated with the fish assemblage are plotted as vector lines indicating the direction 
of change and strength of correlation.  Physical habitat variables are mean wetted channel width (WCW), mean depth (depth), 
proportion fine substrate (FS), mean volume of instream woody cover (wood), coefficient of variation in stream flow (CV), 
proportion of large substrate (LS), and proportion of depths greater than 2 m (>2 m).
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FIGURE 4.  Physical habitat variables from 21 reaches sampled in Iowa non-wadeable 
rivers, 2007–2008, by fish assemblage group.  Groups include the Missouri River drainage 
(MO), the Mississippi River group “A” (MS “A”), and the Mississippi River group “B” (MS 
“B”).
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FIGURE 5.  Non-metric multidimensional scaling ordination of fish species abundance data 
from 21 reaches sampled in Iowa non-wadeable rivers, 2007–2008.  Species are indicated by 
an ×.  Physical habitat variables correlated with the fish assemblage are plotted as vector 
lines indicating the direction of change.  Physical habitat variables are mean wetted channel 
width (WCW), mean depth (depth), proportion fine substrate (FS), mean volume of instream 
woody cover (wood), coefficient of variation in stream flow (CV), proportion of large 
substrate (LS), proportion of depths greater than 2 m (>2 m), mean volume of instream rocky 
cover (rock), and mean bank angle (angle). 
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CHAPTER 4 
GENERAL CONCLUSIONS 
 
Iowa’s non-wadeable rivers are extremely diverse ecosystems; this study sampled 84 
species from 17 families.   Additionally, many of these species are rare or uncommon.  In this 
study 75% of the species sampled made up less than 1% of the total catch.  Because the 
sample gears used in this study had not been utilized extensively in previous studies, three 
noteworthy collections were made: the first spotted gar Lepisosteus oculatus recorded from 
an interior Iowa river, the first skipjack herring Alosa chrysochloris recorded beyond the 
lower extremes of Iowa interior rivers since the early 1900s, and the first western sand darter 
Ammocrypta clara recorded from an interior Iowa river since 1958.  The western sand darter 
is a state threatened species in Iowa. 
 The effort required to sample a certain proportion of the species present in a sample 
reach was variable.  However, increases in sample reach length consistently resulted in new 
species occurrences, further indicating the diversity and complexity of fish assemblages in 
Iowa’s non-wadeable rivers.  Because new species were observed as sampling reach length 
increased, a relatively long reach length is recommended to observe as many species as 
possible.  Based on the results of this study we recommend 2,500 m of electrofishing and 42 
50-m long benthic trawls (three trawls completed in a 100-m section) for sampling fishes in 
Iowa’s non-wadeable rivers.  This was the mean of the minimum efforts required to sample 
90% of the species observed in a reach.   
Although fish assemblages varied between sample reaches, assemblages could be 
categorized as belonging to one of three major groups.  These groups were defined 
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predominantly by drainage basin (i.e., Missouri or Mississippi River) and stream 
geomorphology (i.e., depth, substrate, width).  The Missouri River drainage group was 
composed of species most common in the Missouri River basin; these reaches had a high 
proportion of fine substrate (i.e., sand, silt) and little variation in flow, indicating little 
instream cover.  The Mississippi River drainage group “A” (MS “A”) was comprised of 
predominantly benthic species.  Reaches in MS “A” had a high proportion of large substrate 
(i.e., boulder; cobble), were shallow and narrow, and had high variation in flow, indicating 
higher amounts of instream cover.  The final group, Mississppi River drainage “B” (MS “B”) 
was comprised of small-bodied fishes not associated with benthic habitats and large river 
benthic species.  Reaches in MS “B” characteristically had a high proportion of fine substrate 
and were wider and deeper than reaches in the other two groups. 
 In conclusion, Iowa’s non-wadeable rivers serve a variety of needs and must, 
therefore, be managed carefully.  Results from this research indicate what species are present 
in Iowa’s non-wadeable rivers, what habitat features these species are associated with, and 
the effort necessary to sample these species.  Future research should focus on quantifying the 
boundary between the groups identified by fish assemblage and habitat variables, and better 
understanding the ecology of fishes in non-wadeable systems.  
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River name Full name 
Reach 
ID County Access name Order 
UTM 
north 
Big Sioux Big Sioux BS Sioux Klondike Old Mill 7th 4652826.122 
Boone Boone BO Hamilton Albright's 5th 4542168.753 
Cedar Cedar - Vinton CV Benton Vinton 6th 4695212.010 
Cedar Cedar - West Idlewild CW Floyd Rotary 5th 4598308.782 
Chariton Chariton CH Appanoose Sharon Bluff 5th 4769288.310 
Des Moines Des Moines - Eldon DE Wapello Eldon 7th 4528949.693 
Des Moines Des Moines - River Bend DR Boone Dogwood 6th 4508234.371 
Des Moines Des Moines - Yellow Banks DY Polk Yellow Banks 7th 4661242.024 
East Nishnabotna East Nishnabotna EN Montgomery Nishnabotna 5th 4669693.232 
Iowa Iowa IA Louisa Fred T. Schwab 7th 4685538.241 
Little Sioux Little Sioux LS Cherokee Silver Sioux 6th 4735313.351 
Maquoketa Maquoketa - Joinerville MJ Jackson Joinerville Park 5th 4779150.565 
Maquoketa Maquoketa - Spragueville MS Jackson Spragueville 6th 4572638.248 
North Raccoon North Raccoon NR Greene Scranton/McMahon 5th 4625122.437 
North Skunk North Skunk NS Keokuk Checauqua 5th 4763972.429 
Shellrock Shellrock SR Butler Clarksville 5th 4661961.714 
Skunk South Skunk SO Henry Oakland Mills 6th 4654249.543 
Turkey Turkey TU Clayton Mississippi 6th 4725546.640 
Wapsipinicon Wapsipinicon - Allen Grove WA Scott Allen Grove 5th 4731041.838 
Wapsipinicon Wapsipinicon - Troy Mills WT Linn Troy Mills 5th 4533595.387 
West Fork - Des Moines West Fork - Des Moines WF Palo Alto Robert Mulroney 6th 4559993.978 
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APPENDIX A.  Continued (see page 90 for heading). 
River name UTM 
east 
Year 
sampled 
Big Sioux 381492.936 2007 
Boone 311446.996 2007 
Cedar 433382.207 2007 
Cedar 461420.339 2008 
Chariton 702670.279 2007 
Des Moines 565846.273 2007 
Des Moines 517069.097 2008 
Des Moines 686003.240 2007 
East Nishnabotna 581178.207 2007 
Iowa 605848.235 2008 
Little Sioux 526889.936 2008 
Maquoketa 519906.326 2007 
Maquoketa 566489.119 2008 
North Raccoon 693075.203 2007 
North Skunk 371651.675 2008 
Shellrock 712134.926 2008 
Skunk 423232.747 2008 
Turkey 287678.966 2008 
Wapsipinicon 662136.144 2008 
Wapsipinicon 615799.895 2008 
West Fork - Des Moines 652633.912 2008 
All reaches were in UTM zone 15 north 
  
   
 Species Number of Number of Number of Species richness - Species richness - 
Reach richness individuals SGCN nonnative species Electrofishing Trawling 
Big Sioux 28 2,198 5 (122) 1 (35) 21 15 
Boone 28 1,187 2 (24) 1 (17) 20 18 
Cedar - Vinton 41 2,248 4 (212) 1 (58) 30 14 
Cedar - West Idlewild 28 1,773 6 (970) 2 (3) 20 15 
Chariton 25 358 2 (4) 2 (4) 23 10 
Des Moines - Eldon 37 561 5 (50) 2 (42) 31 11 
Des Moines - River Bend 26 741 1 (9) 1 (17) 21 12 
Des Moines - Yellow Banks 32 1,577 3 (35) 1 (22) 23 21 
East Nishnabotna 19 377 3 (3) 1 (5) 13 8 
Iowa 33 924 7 (62) 1 (25) 26 16 
Little Sioux 16 370 1 (1) 1 (20) 13 9 
Maquoketa - Joinerville 23 334 2 (28) 1 (36) 19 14 
Maquoketa - Spragueville 25 257 5 (118) 1 (12) 19 5 
North Raccoon 25 1,269 1 (3) 1 (6) 14 10 
North Skunk 23 535 1 (31) 1 (2) 19 8 
Shellrock 34 2,262 5 (905) 1 (10) 24 16 
South Skunk 29 1,066 4 (10) 1 (10) 20 12 
Turkey 33 756 10 (85) 1 (10) 23 17 
Wapsipinicon - Allen Grove 36 507 4 (19) 1 (40) 24 18 
Wapsipinicon - Troy Mills 29 1,552 4 (14) 1 (7) 21 16 
West Fork - Des Moines 21 440 3 (14) 1 (27) 10 8 
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APPENDIX B.  Continued (see page 92 for heading). 
 Species richness - Shannon-Weaver H´ - H´ - H´ - 
Reach Seining diversity index (H´) Electrofishing Trawling Seining 
Big Sioux 12 1.747 2.264 1.062 1.507 
Boone 8 2.091 2.435 0.994 1.396 
Cedar - Vinton 18 2.501 2.298 1.376 1.463 
Cedar - West Idlewild 17 2.330 2.026 1.379 2.076 
Chariton 10 1.941 1.734 1.547 1.685 
Des Moines - Eldon 14 2.985 2.804 1.838 2.019 
Des Moines - River Bend 9 1.817 2.387 1.707 0.610 
Des Moines - Yellow Banks 14 1.639 1.417 1.453 0.892 
East Nishnabotna 9 1.454 1.848 1.023 1.061 
Iowa 12 2.074 2.828 0.788 1.870 
Little Sioux 9 2.056 2.066 1.280 1.292 
Maquoketa - Joinerville 4 2.529 2.218 2.157 0.689 
Maquoketa - Spragueville 7 2.380 2.400 0.901 0.842 
North Raccoon 15 1.918 2.262 1.016 1.760 
North Skunk 8 1.707 2.440 0.737 0.951 
Shellrock 15 2.063 2.352 1.335 2.109 
South Skunk 8 1.399 2.498 0.744 1.117 
Turkey 10 2.120 2.110 1.299 1.478 
Wapsipinicon - Allen Grove 9 2.472 2.662 1.540 1.098 
Wapsipinicon - Troy Mills 14 1.677 1.761 0.842 1.155 
West Fork - Des Moines 17 2.267 1.801 1.670 1.868 
Values in parenthesis indicate the number of individuals 
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Reach BDDR BHCP BHMW BKBH BKCP BKND BKSB BLGL BMBF BMSN 
Big Sioux 0 0 0 0 0 0 0 0 0.0860 0 
Boone 0 0 0 0 0 0 0 0 0 0.0808 
Cedar – Vinton 0 0 0.0547 0 0.0580 0 0 0.1311 0.0138 0 
Cedar – West Idlewild 0 0 0 0 0 0 0 0 0 0 
Chariton 0 0.0189 0 0 0.0279 0 0 0.1495 0 0 
Des Moines – Eldon 0 0 0 0 0.0156 0 0 0.1519 0.0468 0 
Des Moines – River Bend 0 0 0 0 0.0188 0 0 0.0082 0 0 
Des Moines – Yellow Banks 0 0 0 0 0.0122 0 0 0.0186 0.0118 0 
East Nishnabotna 0 0 0 0 0.0134 0 0 0.1307 0.0190 0 
Iowa 0 0 0.0102 0 0 0 0 0.0505 0.0575 0 
Little Sioux 0 0 0 0 0 0 0 0.0552 0 0 
Maquoketa – Joinerville 0 0 0 0 0.0088 0 0 0.0580 0 0 
Maquoketa – Spragueville 0 0 0.0094 0 0 0 0 0.0413 0.0094 0 
North Raccoon 0 0 0 0 0 0 0 0 0 0 
North Skunk 0 0 0 0.0157 0 0 0 0.0126 0 0 
Shellrock 0 0 0.0107 0.0090 0 0 0 0 0.0933 0.0260 
South Skunk 0 0 0 0 0.0077 0 0 0.0501 0.0345 0 
Turkey 0 0 0 0 0 0 0 0 0 0 
Wapsipinicon – Allen Grove 0 0 0 0 0 0 0 0 0.1813 0 
Wapsipinicon – Troy Mills 0 0 0.0137 0 0 0 0 0.0864 0.2074 0 
West Fork – Des Moines 0 0 0 0 0 0 0 0 0.0422 0 
 
Species abbreviations are: BDDR = banded darter, BHCP = bighead carp, BHMW = bullhead minnow, BKBH = black bullhead, BKCP = black crappie, 
BKND = blacknose dace, BLGL = bluegill, BMBF = bigmouth buffalo, BMSN = bigmouth shiner, BNMW = bluntnose minnow, BSDR = blackside darter, 
BSMW = brassy minnow, BTTM = blackstripe topminnow, BUSK = blue sucker, CARP = common carp, CKCB = creek chub, CLSR = central stoneroller, 
CMMW = central mudminnow, CMSN = common shiner, CNCF = channel catfish, CNSN = channel shiner, ERSN = emerald shiner, FHCF = flathead 
catfish, FHMW = fathead minnow, FWDM = freshwater drum, GDEY = goldeye, GDRH = golden redhorse, GNSF = green sunfish, GSCP = grass carp, 
GVCB = gravel chub, GZSD = gizzard shad, HCAR = hybrid carpsucker, HFCS = highfin carpsucker, HHCB = hornyhead chub, IODR = Iowa darter, 
JYDR = johnny darter, LGPH = logperch, LMBS = largemouth bass, LNDE = longnose dace, LNGR = longnose gar, MMSN = mimic shiner, MNEY = 
mooneye, NHSK = northern hog sucker, NTPK = northern pike, OSSF = orangespotted sunfish, OZMW = Ozark minnow, PNMW = plains minnow, PNSD 
= pumpkinseed, QLBK = quillback carpsucker, RDSN = red shiner, RFSN = rosyface shiner, RKBS = northern rock bass, RRDR = river darter, RVCS = 
river carpsucker, RVRH = river redhorse, RVSN = river shiner, RWDR = rainbow darter, RWTT = rainbow trout, SFSN = spotfin shiner, SGER = sauger, 
SHDR = slenderhead darter, SHRH = shorthead redhorse, SJHR = skipjack herring, SKCB = speckled chub, SLRH = silver redhorse, SMBF = smallmouth 
buffalo, SMBS = smallmouth bass, SMMW = suckermouth minnow, SNGR = shortnose gar, SNSG = shovelnose sturgeon, SNSN = sand shiner, STCT = 
stonecat, STGR = spotted gar, SVCB = silver chub, SVMW = Mississippi silvery minnow, TTPH = trout perch, WLYE = walleye, WSDR = western sand 
darter, WSMW = western silvery minnow, WTBS = white bass, WTCP = white crappie, WTSK = white sucker, and YLBH = yellow bullhead.
  
 APPENDIX C.  Continued (see page 94 for heading). 
Reach BNMW BSDR BSMW BTTM BUSK CARP CKCB CLSR CMMW CMSN CNCF 
Big Sioux 0.0231 0 0 0 0.0372 0.3381 0 0 0 0 0.2224 
Boone 0.1194 0 0 0 0 0.2632 0 0 0 0.1733 0.0958 
Cedar – Vinton 0 0 0 0 0.0069 0.4665 0 0 0 0 0.2529 
Cedar – West Idlewild 0 0.0167 0 0 0 0.0315 0.4271 0.0255 0 0.1491 0 
Chariton 0.0263 0.0142 0 0 0 0.0510 0 0 0 0 0.4410 
Des Moines – Eldon 0 0 0 0 0 0.3979 0 0 0 0 0.1706 
Des Moines – River Bend 0.0083 0 0 0 0 0.1493 0 0 0 0 0.1081 
Des Moines – Yellow Banks 0 0 0 0 0 0.1845 0 0 0 0 0.0489 
East Nishnabotna 0 0 0 0 0 0.0511 0 0 0 0 0.0672 
Iowa 0 0 0 0 0.0096 0.2175 0 0 0 0 0.1048 
Little Sioux 0 0 0 0 0 0.2029 0 0 0 0 0.2430 
Maquoketa – Joinerville 0 0 0 0 0 0.3297 0.0165 0 0 0 0.0840 
Maquoketa – Spragueville 0 0 0 0 0 0.0960 0 0 0 0 0.0552 
North Raccoon 0.0390 0 0 0 0 0.1251 0 0 0 0 0.0603 
North Skunk 0.0505 0 0 0 0 0.0234 0 0 0 0.0105 0.0475 
Shellrock 0.1118 0 0 0 0 0.1150 0.0343 0 0 0 0.2101 
South Skunk 0 0 0 0 0 0.0705 0 0 0 0 0.1161 
Turkey 0 0 0 0 0 0.1061 0 0 0 0 0.0229 
Wapsipinicon – Allen Grove 0 0 0 0 0 0.7613 0 0 0 0 0.2568 
Wapsipinicon – Troy Mills 0 0 0 0 0 0.0873 0 0 0.0113 0 0.0168 
West Fork – Des Moines 0.0148 0 0 0 0 0.1948 0 0 0 0 0 
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 APPENDIX C.  Continued (see page 94 for heading). 
Reach CNSN ERSN FHCF FHMW FWDM GDEY GDRH GNSF GSCP GVCB GZSD 
Big Sioux 0 0.0498 0.0413 0 0.1817 0.1821 0 0 0 0 0.0161 
Boone 0 0 0.0169 0 0.0329 0 1.8711 0 0 0 0 
Cedar – Vinton 0 0 0.0323 0.0085 0.0111 0 0.5983 0.0132 0 0 0.2117 
Cedar – West Idlewild 0 0.1958 0 0 0 0 3.4058 0 0 0.0962 0 
Chariton 0 0 0 0.0572 0.0857 0.0144 0 0.0300 0 0 0.0731 
Des Moines – Eldon 0 0.1497 0.2733 0.0184 0.4709 0.0083 0.0195 0.0519 0.0120 0 0.7690 
Des Moines – River Bend 0 0.1207 0.0356 0 0.2212 0 0.2955 0.0170 0 0 0 
Des Moines – Yellow Banks 0 0.4693 0.0614 0.0070 0.0614 0 0.0057 0 0 0 3.5528 
East Nishnabotna 0 0.0134 0 0 0 0 0 0 0 0 0.0134 
Iowa 0.0082 0.1828 0.0948 0 0.1434 0.0112 0 0 0 0 0.1780 
Little Sioux 0 0 0 0.0169 0 0.0081 0 0 0 0 0 
Maquoketa – Joinerville 0 0.0286 0 0 0 0 0.3842 0.0088 0 0 0 
Maquoketa – Spragueville 0 0.0495 0.0184 0 0 0 0.0333 0 0 0 0 
North Raccoon 0 0 0.1522 0 0 0 0 0 0 0 0.0396 
North Skunk 0 0 0.0149 0.0663 0.0648 0 0 0.1383 0 0 0 
Shellrock 0 0.4289 0 0.1598 0 0 1.9387 0 0 0 0 
South Skunk 0.0081 0 0.0517 0 0.0101 0 0 0.0071 0 0 0.0664 
Turkey 0.0187 0.0122 0.0072 0 0.0074 0 0.0410 0 0 0 0 
Wapsipinicon – Allen Grove 0 0.1392 0.0921 0 0.1829 0 0.0198 0.0156 0 0 0.0903 
Wapsipinicon – Troy Mills 0 0.0133 0 0.0481 0 0 1.1436 0.0127 0 0 0 
West Fork – Des Moines 0 0 0 0 0 0 0.5847 0 0 0 0 
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 APPENDIX C.  Continued (see page 94 for heading). 
Reach HCAR HFCS HHCB IODR JYDR LGPH LMBS LNDE LNGR MMSN MNEY NHSK 
Big Sioux 0.5611 0 0 0 0 0 0 0 0 0 0 0 
Boone 0.0456 0.3061 0.0147 0 0 0 0 0 0 0 0 0.2705 
Cedar – Vinton 0.0376 0.2602 0 0 0 0 0.0415 0 0 0 0 0.0069 
Cedar – West Idlewild 0.0202 0.0810 0 0 0 0 0 0 0 0 0 0.7544 
Chariton 0 0 0 0 0 0 0 0 0 0 0 0 
Des Moines – Eldon 0.0176 0 0 0 0 0 0 0 0 0 0.1043 0 
Des Moines – River Bend 0 0 0 0 0 0 0 0 0 0 0 0.0083 
Des Moines – Yellow Banks 0 0 0 0 0 0 0 0 0 0 0 0 
East Nishnabotna 0 0 0 0 0 0 0 0 0 0 0 0 
Iowa 0 0 0 0 0 0 0.0082 0 0.0505 0.0815 0.0071 0 
Little Sioux 0 0 0 0 0 0 0 0 0 0 0 0 
Maquoketa – Joinerville 0 0.0426 0 0 0 0 0.0088 0 0 0 0 0 
Maquoketa – Spragueville 0 0 0 0 0 0 0 0 0.1823 0 0 0 
North Raccoon 0 0.0149 0 0 0 0 0 0 0 0 0 0 
North Skunk 0.0477 0 0 0 0 0 0 0 0 0 0 0 
Shellrock 0 0.2991 0 0 0 0 0 0 0 0 0 0.1161 
South Skunk 0 0 0 0 0 0 0 0 0.0074 0 0 0.0077 
Turkey 0.0114 0.0114 0 0 0 0 0 0 0.1390 0.8266 0.0117 0 
Wapsipinicon – Allen Grove 0 0.0365 0 0 0 0 0 0 0 0.7495 0 0 
Wapsipinicon – Troy Mills 0 0.2958 0 0 0 0 0 0 0 0 0 0.0280 
West Fork – Des Moines 0 0 0 0 0 0 0 0 0 0 0 0 
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 APPENDIX C.  Continued (see page 94 for heading). 
Reach NTPK OSSF OZMW PNMW PNSD QLBK RDSN RFSN RKBS RRDR RVCS RVRH 
Big Sioux 0 0.0077 0 0 0 0.0105 0.1539 0 0 0 0.0666 0 
Boone 0 0 0 0 0 0.4643 0 0.7024 0 0 0.4440 0 
Cedar – Vinton 0.0146 0.0304 0 0 0.0185 0.2728 0 0 0 0 1.5113 0 
Cedar – West Idlewild 0 0 0 0 0 1.6537 0 0 0.2778 0 0 0 
Chariton 0 0.0280 0 0 0 0.0648 2.8011 0 0 0 0.1417 0 
Des Moines – Eldon 0 0 0 0 0 0.1352 0.0378 0 0 0 0.0935 0 
Des Moines – River Bend 0 0 0 0 0 0.0695 0 0 0.0079 0 0.1075 0 
Des Moines – Yellow Banks 0 0 0 0 0 0.0316 0 0 0 0 0.1135 0 
East Nishnabotna 0 0 0 0 0 0.0351 0.4664 0 0 0 0.0520 0 
Iowa 0 0 0 0 0 0.0601 0 0.0094 0 0 0.1279 0 
Little Sioux 0.0163 0 0 0 0 0.0562 0.3376 0 0 0 0.1132 0 
Maquoketa – Joinerville 0 0 0 0 0 0.0096 0 0 0 0 0.2082 0.1057 
Maquoketa – Spragueville 0 0 0 0 0 0.2534 0 0 0 0 0.0587 0 
North Raccoon 0 0 0 0 0 0.1178 0 0 0 0 0.4420 0 
North Skunk 0 0 0 0 0 0.0588 0.4378 0 0 0 0.0478 0 
Shellrock 0.0379 0.0119 0 0 0 0.2222 0 0 0.0108 0 0.0119 0 
South Skunk 0 0 0 0 0 0 0.1756 0 0 0 0.2438 0 
Turkey 0 0 0 0.0869 0 0.0488 0 0 0 0 0.3856 0 
Wapsipinicon – Allen Grove 0 0 0 0 0 0.2787 0 0.0358 0 0 0.6086 0 
Wapsipinicon – Troy Mills 0.0112 0.0132 0 0 0 0.2327 0 0 0.0137 0 0 0 
West Fork – Des Moines 0 0 0 0 0 0.0770 0 0 0 0 0 0 
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 APPENDIX C.  Continued (see page 94 for heading). 
Reach RVSN RWDR RWTT SFSN SGER SHDR SHRH SJHR SKCB SLRH SMBF SMBS 
Big Sioux 0 0 0 0 0.1317 0 1.1970 0 0 0 0.0584 0 
Boone 0 0 0 0.5281 0 0 0.9938 0 0 0 0 0.3782 
Cedar – Vinton 0 0 0 2.4080 0 0 1.1348 0 0 0 0.0798 0.4810 
Cedar – West Idlewild 0 0 0.0200 0.0245 0 0 1.6419 0 0 0 0 0.6751 
Chariton 0 0 0 0 0 0 0.1657 0 0 0 0.0121 0.0122 
Des Moines – Eldon 0.0328 0 0 0.1090 0.0683 0 0.0268 0.0084 0 0 0.0368 0.0317 
Des Moines – River Bend 0 0 0 0.5674 0 0 0.1582 0 0 0.0190 0 0.0247 
Des Moines – Yellow Banks 0.0122 0 0 0.0739 0 0 0.0462 0 0 0 0.1085 0.0173 
East Nishnabotna 0 0 0 0.0402 0 0 0 0 0 0 0 0 
Iowa 0 0 0 0.0966 0 0 0.0975 0 0 0 0.0458 0 
Little Sioux 0 0 0 0 0 0 0.3540 0 0 0 0 0 
Maquoketa – Joinerville 0 0 0 0.6267 0 0.0090 0.0090 0 0 0 0 0.1884 
Maquoketa – Spragueville 0 0 0 0.0873 0 0 0.2648 0 0 0.0325 0.0156 0.0115 
North Raccoon 0 0 0 0.2855 0 0 0.1385 0 0 0 0.2535 0.0160 
North Skunk 0 0 0 0.0643 0 0 0.0302 0 0 0 0.0607 0 
Shellrock 0 0 0 0.7162 0 0 0.4925 0 0 0 0 0.2666 
South Skunk 0 0 0 0.0788 0 0 0.0496 0 0 0 0.0163 0 
Turkey 0 0 0 0.0383 0.0636 0 0.1279 0 0 0 0.0109 0.0214 
Wapsipinicon – Allen Grove 0 0 0 0.3769 0.0178 0 0.3860 0 0 0.0150 0.2998 0.0363 
Wapsipinicon – Troy Mills 0 0 0 3.1261 0 0 0.9864 0 0 0 0 0.2686 
West Fork – Des Moines 0 0 0 0.1147 0 0 0.6690 0 0 0 0 0 
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 APPENDIX C.  Continued (see page 94 for heading). 
Reach SMMW SNGR SNSG SNSN STCT STGR SVCB SVMW TTPH WLYE WSDR WSMW 
Big Sioux 0 0.0357 0 0 0 0 0.0137 0 0 0.0276 0 0 
Boone 0 0 0 0.1868 0 0 0 0 0 0.0120 0 0 
Cedar – Vinton 0 0 0 0.0275 0 0 0 0 0 0.0621 0 0 
Cedar – West Idlewild 0 0 0 0.1193 0 0 0 0 0 0.0683 0 0 
Chariton 0 0.1085 0 0 0 0 0 0 0 0.0720 0 0 
Des Moines – Eldon 0 0.0499 0.2954 0.0253 0 0.0137 0 0 0 0 0 0 
Des Moines – River Bend 0 0 0 0.0079 0 0 0 0 0 0.0445 0 0 
Des Moines – Yellow Banks 0 0.0611 0 0 0 0.0098 0 0 0 0.0095 0 0 
East Nishnabotna 0 0.0134 0 0.1339 0 0 0 0 0 0 0 0 
Iowa 0 0.2524 0.0070 0 0 0 0 0 0 0 0 0 
Little Sioux 0 0 0 0.0298 0 0 0 0 0 0.1486 0 0 
Maquoketa – Joinerville 0 0 0 0 0 0 0 0 0 0 0 0 
Maquoketa – Spragueville 0 0 0.0300 0 0 0 0 0.0133 0 0.0067 0 0 
North Raccoon 0 0 0 0.1980 0 0 0 0 0 0.0241 0 0 
North Skunk 0 0.0231 0 0.0463 0 0 0 0 0 0 0 0 
Shellrock 0 0 0 0.5522 0 0 0 0 0 0.0437 0 0 
South Skunk 0 0.0329 0 0.0077 0 0 0 0 0 0 0 0 
Turkey 0 0 0.0140 0 0 0 0.0219 0 0 0 0 0 
Wapsipinicon – Allen Grove 0 0 0 0.1892 0 0 0.0769 0.0227 0 0.0934 0 0 
Wapsipinicon – Troy Mills 0 0 0 0.1241 0 0 0 0 0 0 0 0 
West Fork – Des Moines 0 0 0 0.1289 0 0 0 0 0 0.0777 0 0 
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APPENDIX C.  Continued (see page 94 for heading). 
Reach WTBS WTCP WTSK YLBH 
Big Sioux 0 0 0 0 
Boone 0 0 0 0 
Cedar – Vinton 0.0219 0.0079 0 0 
Cedar – West Idlewild 0 0 0.0857 0 
Chariton 0.1242 0.0111 0 0 
Des Moines – Eldon 0.2650 0 0 0 
Des Moines – River Bend 0.0766 0 0 0 
Des Moines – Yellow Banks 0.4291 0.0118 0 0 
East Nishnabotna 0 0 0 0 
Iowa 0.0291 0.0085 0 0 
Little Sioux 0 0 0.0080 0 
Maquoketa – Joinerville 0 0 0.0090 0.0566 
Maquoketa – Spragueville 0 0 0 0 
North Raccoon 0 0 0 0 
North Skunk 0 0 0 0 
Shellrock 0 0 0.0225 0 
South Skunk 0 0.0414 0 0 
Turkey 0.0341 0 0 0 
Wapsipinicon – Allen Grove 0 0 0 0 
Wapsipinicon – Troy Mills 0 0 0.0143 0 
West Fork – Des Moines 0 0 0.0861 0 
 
  
  
Reach BDDR BHCP BHMW BKBH BKCP BKND BKSB BLGL BMBF  BMSN 
Big Sioux 0 0 0 0 0 0 0 0 0 0 
Boone 0.0093 0 0 0 0 0 0 0 0 0.0022 
Cedar – Vinton 0 0 0 0 0 0 0 0.0003 0 0 
Cedar – West Idlewild 0.2773 0 0 0 0 0 0 0 0 0 
Chariton 0 0 0 0 0.0013 0 0 0 0 0 
Des Moines – Eldon 0 0 0 0 0 0 0 0 0 0 
Des Moines – River Bend 0 0 0.0003 0 0 0 0 0 0 0 
Des Moines – Yellow Banks 0 0 0 0 0 0 0 0.0003 0 0 
East Nishnabotna 0 0 0 0 0 0 0 0 0 0 
Iowa 0 0 0.0003 0 0 0 0 0.0003 0 0 
Little Sioux 0 0 0 0 0 0 0 0 0 0 
Maquoketa – Joinerville 0 0 0 0 0 0 0 0 0 0 
Maquoketa – Spragueville 0.0003 0 0 0 0 0 0 0 0 0 
North Raccoon 0 0 0 0 0 0 0 0 0 0 
North Skunk 0 0 0 0 0 0 0 0 0 0 
Shellrock 0.3053 0 0 0 0 0 0 0 0 0.0067 
South Skunk 0 0 0 0 0 0 0 0.0003 0 0 
Turkey 0.0003 0 0 0 0 0 0 0 0 0 
Wapsipinicon – Allen Grove 0 0 0 0 0 0 0.0014 0.0005 0 0 
Wapsipinicon – Troy Mills 0.0043 0 0.0183 0 0 0 0 0.0018 0 0.0017 
West Fork – Des Moines 0 0 0 0 0 0 0 0 0 0 
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 Species abbreviations are: BDDR = banded darter, BHCP = bighead carp, BHMW = bullhead minnow, BKBH = black bullhead, BKCP = black crappie, 
BKND = blacknose dace, BLGL = bluegill, BMBF = bigmouth buffalo, BMSN = bigmouth shiner, BNMW = bluntnose minnow, BSDR = blackside darter, 
BSMW = brassy minnow, BTTM = blackstripe topminnow, BUSK = blue sucker, CARP = common carp, CKCB = creek chub, CLSR = central stoneroller, 
CMMW = central mudminnow, CMSN = common shiner, CNCF = channel catfish, CNSN = channel shiner, ERSN = emerald shiner, FHCF = flathead 
catfish, FHMW = fathead minnow, FWDM = freshwater drum, GDEY = goldeye, GDRH = golden redhorse, GNSF = green sunfish, GSCP = grass carp, 
GVCB = gravel chub, GZSD = gizzard shad, HCAR = hybrid carpsucker, HFCS = highfin carpsucker, HHCB = hornyhead chub, IODR = Iowa darter, 
JYDR = johnny darter, LGPH = logperch, LMBS = largemouth bass, LNDE = longnose dace, LNGR = longnose gar, MMSN = mimic shiner, MNEY = 
mooneye, NHSK = northern hog sucker, NTPK = northern pike, OSSF = orangespotted sunfish, OZMW = Ozark minnow, PNMW = plains minnow, PNSD 
= pumpkinseed, QLBK = quillback carpsucker, RDSN = red shiner, RFSN = rosyface shiner, RKBS = northern rock bass, RRDR = river darter, RVCS = 
river carpsucker, RVRH = river redhorse, RVSN = river shiner, RWDR = rainbow darter, RWTT = rainbow trout, SFSN = spotfin shiner, SGER = sauger, 
SHDR = slenderhead darter, SHRH = shorthead redhorse, SJHR = skipjack herring, SKCB = speckled chub, SLRH = silver redhorse, SMBF = smallmouth 
buffalo, SMBS = smallmouth bass, SMMW = suckermouth minnow, SNGR = shortnose gar, SNSG = shovelnose sturgeon, SNSN = sand shiner, STCT = 
stonecat, STGR = spotted gar, SVCB = silver chub, SVMW = Mississippi silvery minnow, TTPH = trout perch, WLYE = walleye, WSDR = western sand 
darter, WSMW = western silvery minnow, WTBS = white bass, WTCP = white crappie, WTSK = white sucker, and YLBH = yellow bullhead.
  
 APPENDIX D.  Continued (see page 102 for heading). 
Reach BNMW BSDR BSMW BTTM BUSK CARP CKCB CLSR CMMW CMSN CNCF 
Big Sioux 0.0017 0.0016 0 0 0 0 0 0 0 0 0.1045 
Boone 0.0305 0 0 0 0 0 0 0 0 0.0007 0.0016 
Cedar – Vinton 0 0 0 0 0 0 0 0 0 0 0.0491 
Cedar – West Idlewild 0.0009 0.0329 0 0 0 0 0.0013 0 0 0 0 
Chariton 0.0006 0.0006 0 0 0 0 0 0 0 0 0.0147 
Des Moines – Eldon 0 0 0 0 0 0.0003 0 0 0 0 0.0044 
Des Moines – River Bend 0 0 0 0 0 0 0 0 0 0 0.0125 
Des Moines – Yellow Banks 0.0003 0 0 0 0 0 0 0 0 0 0.0568 
East Nishnabotna 0 0 0 0 0 0.0004 0 0 0 0 0.0316 
Iowa 0 0 0 0 0 0.0003 0 0 0 0 0.1388 
Little Sioux 0.0014 0 0 0 0 0 0 0 0 0 0.0176 
Maquoketa – Joinerville 0.0053 0 0 0 0 0.0013 0 0 0 0 0.0080 
Maquoketa – Spragueville 0 0 0 0 0 0 0 0 0 0 0.0017 
North Raccoon 0.0036 0 0.0009 0 0 0 0 0.0009 0 0 0.0013 
North Skunk 0.0023 0 0 0 0 0 0 0 0 0 0.0132 
Shellrock 0.0004 0.0053 0 0 0 0 0 0 0 0 0 
South Skunk 0 0 0 0 0 0.0003 0 0 0 0 0.1619 
Turkey 0 0 0 0 0 0 0 0 0 0 0.0943 
Wapsipinicon – Allen Grove 0 0 0 0 0 0 0.0010 0 0 0.0005 0.0067 
Wapsipinicon – Troy Mills 0.0061 0 0 0 0 0 0 0 0 0 0.0015 
West Fork – Des Moines 0 0 0 0 0 0.0003 0 0 0 0 0.0044 
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 APPENDIX D.  Continued (see page 102 for heading). 
Reach CNSN ERSN FHCF FHMW FWDM GDEY GDRH GNSF GSCP GVCB GZSD 
Big Sioux 0 0.0017 0.0003 0 0 0 0 0 0 0 0 
Boone 0 0 0 0 0 0 0.0004 0 0 0 0 
Cedar – Vinton 0 0 0.0003 0.0005 0 0 0 0 0 0 0.0003 
Cedar – West Idlewild 0 0.0178 0 0 0 0 0.0009 0 0 0.0773 0 
Chariton 0 0 0 0.0013 0.0006 0 0 0 0 0 0 
Des Moines – Eldon 0.0035 0 0 0 0 0 0 0.0003 0 0 0 
Des Moines – River Bend 0 0.0003 0 0 0.0005 0 0.0005 0 0 0 0 
Des Moines – Yellow Banks 0 0.0005 0.0003 0.0016 0.0003 0 0 0 0 0 0.0067 
East Nishnabotna 0 0 0 0 0 0 0 0 0 0 0 
Iowa 0.0072 0.0006 0.0006 0 0.0003 0 0.0003 0 0 0 0 
Little Sioux 0 0 0 0.0003 0 0 0 0 0 0 0 
Maquoketa – Joinerville 0 0 0 0 0 0 0.0041 0 0 0 0 
Maquoketa – Spragueville 0 0 0 0 0 0 0 0 0 0 0 
North Raccoon 0 0 0 0.0027 0 0 0 0 0 0 0 
North Skunk 0 0 0 0 0.0005 0 0 0 0 0 0 
Shellrock 0 0 0 0 0 0 0.0018 0 0 0.0378 0 
South Skunk 0 0 0 0.0003 0.0075 0 0 0 0 0 0 
Turkey 0.0308 0 0 0 0 0 0 0 0 0 0 
Wapsipinicon – Allen Grove 0 0.0005 0 0.0005 0 0 0.0005 0.0005 0 0 0 
Wapsipinicon – Troy Mills 0 0.0005 0 0 0 0 0.0048 0 0 0 0 
West Fork – Des Moines 0 0 0 0 0 0 0.0011 0 0 0 0 
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 APPENDIX D.  Continued (see page 102 for heading). 
Reach HCAR HFCS HHCB IODR JYDR LGPH LMBS LNDE LNGR MMSN MNEY NHSK 
Big Sioux 0.0003 0 0 0 0 0 0 0 0 0 0 0 
Boone 0 0 0 0 0.0013 0 0 0 0 0 0 0.0074 
Cedar – Vinton 0 0 0 0 0.0003 0 0 0 0 0 0 0 
Cedar – West Idlewild 0 0 0 0 0 0 0 0 0 0 0 0.0107 
Chariton 0 0 0 0 0 0 0 0 0 0 0 0 
Des Moines – Eldon 0 0 0 0 0 0 0 0 0 0 0 0 
Des Moines – River Bend 0 0 0 0.0003 0 0 0 0 0 0.0003 0 0 
Des Moines – Yellow Banks 0 0 0 0 0.0005 0 0 0 0 0 0 0.0003 
East Nishnabotna 0 0 0 0 0 0 0 0 0 0 0 0 
Iowa 0 0 0 0 0 0 0 0 0 0.0006 0 0 
Little Sioux 0 0 0 0 0 0 0 0 0 0 0 0 
Maquoketa – Joinerville 0 0.0004 0 0 0.0018 0 0 0 0 0 0 0 
Maquoketa – Spragueville 0 0 0 0 0 0 0 0 0 0 0 0 
North Raccoon 0 0 0 0 0 0 0 0 0 0 0 0.0009 
North Skunk 0 0 0 0 0 0 0 0 0 0 0 0.0005 
Shellrock 0 0 0 0 0.0067 0.0004 0 0 0 0 0 0.0089 
South Skunk 0 0 0 0 0 0 0 0 0 0 0 0 
Turkey 0 0 0 0 0 0 0 0.0007 0 0.0016 0 0.0003 
Wapsipinicon – Allen Grove 0 0 0 0 0 0 0 0 0 0.0438 0 0 
Wapsipinicon – Troy Mills 0 0 0 0 0 0 0 0 0 0 0 0.0017 
West Fork – Des Moines 0 0 0 0 0 0 0 0 0 0 0 0 
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 APPENDIX D.  Continued (see page 102 for heading). 
Reach NTPK OSSF OZMW PNMW PNSD QLBK RDSN RFSN RKBS RRDR RVCS RVRH 
Big Sioux 0 0.0003 0 0 0 0 0.0058 0 0 0 0 0 
Boone 0 0 0 0 0 0 0 0.0004 0 0 0 0 
Cedar – Vinton 0 0 0 0 0 0 0 0 0 0 0 0 
Cedar – West Idlewild 0 0 0 0 0 0 0 0 0 0 0 0 
Chariton 0 0 0 0 0 0 0 0 0 0 0 0 
Des Moines – Eldon 0 0 0 0 0 0 0 0 0 0 0 0 
Des Moines – River Bend 0 0 0 0 0 0 0 0 0 0 0 0 
Des Moines – Yellow Banks 0 0 0 0 0 0 0 0 0 0 0 0 
East Nishnabotna 0 0 0 0 0 0 0.0009 0 0 0 0 0 
Iowa 0 0 0 0 0 0 0 0 0 0.0003 0 0 
Little Sioux 0 0 0 0 0 0 0.0016 0 0 0 0 0 
Maquoketa – Joinerville 0 0 0 0 0 0 0 0 0 0 0 0.0031 
Maquoketa – Spragueville 0 0 0 0 0 0 0 0 0 0 0 0 
North Raccoon 0 0 0 0 0 0 0 0 0 0 0.0004 0 
North Skunk 0 0 0 0 0 0 0 0 0 0 0 0 
Shellrock 0 0 0 0 0 0 0 0 0 0 0 0 
South Skunk 0 0 0 0 0 0 0 0 0 0.0003 0.0003 0 
Turkey 0 0 0 0.0003 0 0 0 0 0 0.0086 0.0003 0 
Wapsipinicon – Allen Grove 0 0 0 0 0 0 0 0 0.0005 0.0005 0 0 
Wapsipinicon – Troy Mills 0 0.0010 0 0 0 0 0 0 0 0 0 0 
West Fork – Des Moines 0 0 0 0 0 0 0 0 0 0 0 0 
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 APPENDIX D.  Continued (see page 102 for heading). 
Reach RVSN RWDR RWTT SFSN SGER SHDR SHRH SJHR SKCB SLRH SMBF SMBS 
Big Sioux 0 0 0 0 0.0003 0 0.0011 0 0.0247 0 0 0 
Boone 0 0 0 0.0107 0 0.0013 0.0013 0 0 0 0 0.0004 
Cedar – Vinton 0 0 0 0.0036 0 0.0008 0.0003 0 0.0573 0 0 0 
Cedar – West Idlewild 0 0.0009 0 0.0027 0 0.0138 0 0 0.0009 0 0 0.0053 
Chariton 0 0 0 0 0 0 0 0 0 0 0 0 
Des Moines – Eldon 0.0003 0 0 0 0 0 0.0005 0 0.0058 0 0 0 
Des Moines – River Bend 0 0 0 0.0109 0 0 0.0003 0 0.0024 0 0 0 
Des Moines – Yellow Banks 0.0021 0 0 0.0003 0 0.0019 0.0011 0 0.0072 0 0.0003 0.0013 
East Nishnabotna 0 0 0 0.0018 0 0 0 0 0.0004 0 0 0 
Iowa 0 0 0 0 0 0.0003 0 0 0.0125 0 0 0 
Little Sioux 0 0 0 0 0 0 0.0011 0 0 0 0 0 
Maquoketa – Joinerville 0 0 0 0.0018 0 0.0044 0.0009 0 0 0 0 0.0004 
Maquoketa – Spragueville 0 0 0 0 0 0 0 0 0.0022 0 0 0 
North Raccoon 0 0 0 0.0031 0 0 0 0 0 0 0 0 
North Skunk 0 0 0 0 0 0.0159 0.0021 0 0 0 0 0 
Shellrock 0 0 0 0.0022 0 0.0520 0.0027 0 0 0 0 0.0004 
South Skunk 0 0 0 0 0 0.0003 0 0 0.0019 0 0 0 
Turkey 0 0 0 0.0025 0.0003 0.0006 0 0 0.0023 0 0 0 
Wapsipinicon – Allen Grove 0 0 0 0.0014 0 0 0 0 0.0071 0 0 0 
Wapsipinicon – Troy Mills 0 0 0 0.0233 0 0.0024 0.0010 0 0 0 0 0 
West Fork – Des Moines 0 0 0 0 0 0.0041 0.0024 0 0 0 0 0 
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 APPENDIX D.  Continued (see page 102 for heading). 
Reach SMMW SNGR SNSG SNSN STCT STGR SVCB SVMW TTPH WLYE WSDR 
Big Sioux 0 0 0 0.2656 0.0025 0 0.0063 0 0.0003 0 0 
Boone 0.0004 0 0 0.2314 0.0004 0 0.0009 0 0 0 0 
Cedar – Vinton 0 0 0 0.0443 0.0036 0 0 0 0 0.0003 0.0003 
Cedar – West Idlewild 0 0 0 0.0053 0.0071 0 0 0 0 0 0 
Chariton 0 0 0 0.0023 0 0 0 0 0 0.0018 0 
Des Moines – Eldon 0 0 0.0011 0.0043 0.0003 0 0.0003 0 0 0 0 
Des Moines – River Bend 0 0 0 0.0083 0 0 0.0035 0 0 0 0 
Des Moines – Yellow Banks 0 0 0 0.0053 0 0 0.0003 0 0 0 0 
East Nishnabotna 0 0 0.0004 0.0307 0 0 0.0009 0 0 0 0 
Iowa 0 0 0.0023 0 0.0043 0 0.0003 0 0 0 0 
Little Sioux 0 0 0 0.0079 0.0003 0 0.0005 0 0 0.0003 0 
Maquoketa – Joinerville 0.0013 0 0 0.0147 0 0 0 0 0 0 0 
Maquoketa – Spragueville 0 0 0 0 0 0 0.0003 0.0114 0 0 0 
North Raccoon 0 0 0 0.0455 0 0 0.0004 0 0 0 0 
North Skunk 0 0 0 0.0005 0.1550 0 0 0 0 0 0 
Shellrock 0.0009 0 0 0.2884 0.0009 0 0 0 0 0 0 
South Skunk 0 0 0 0.0005 0.0373 0 0 0 0 0 0 
Turkey 0.0006 0 0 0.0009 0 0 0.0025 0 0 0 0.0059 
Wapsipinicon – Allen Grove 0 0 0 0.0067 0 0 0.0005 0 0 0.0005 0.0005 
Wapsipinicon – Troy Mills 0 0 0 0.3009 0.0010 0 0 0 0 0 0 
West Fork – Des Moines 0 0 0 0.0003 0.0009 0 0 0 0 0.0003 0 
  
     108 
 
  
 APPENDIX D.  Continued (see page 102 for heading). 
Reach WSMW WTBS WTCP WTSK YLBH 
Big Sioux 0 0 0 0 0 
Boone 0 0 0 0.0009 0 
Cedar – Vinton 0 0 0 0 0 
Cedar – West Idlewild 0 0 0 0 0 
Chariton 0 0.0007 0.0010 0 0 
Des Moines – Eldon 0 0 0 0 0 
Des Moines – River Bend 0 0 0 0 0 
Des Moines – Yellow Banks 0 0.0003 0.0003 0 0 
East Nishnabotna 0 0 0 0 0 
Iowa 0 0 0 0 0 
Little Sioux 0 0 0 0 0 
Maquoketa – Joinerville 0 0 0 0.0004 0 
Maquoketa – Spragueville 0 0 0 0 0 
North Raccoon 0 0 0 0 0 
North Skunk 0 0 0 0 0 
Shellrock 0 0 0 0 0 
South Skunk 0 0 0 0 0.0003 
Turkey 0 0 0 0 0 
Wapsipinicon – Allen Grove 0 0 0 0 0 
Wapsipinicon – Troy Mills 0 0 0 0.0005 0 
West Fork – Des Moines 0 0 0 0 0 
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Reach BDDR BHCP BHMW BKBH BKCP BKND BKSB BLGL BMBF BMSN 
Big Sioux 0 0 0 0 0 0 0 0 0 0 
Boone 0 0 0 0 0 0 0 0 0 0.0044 
Cedar – Vinton 0 0 0.0889 0 0 0 0 0 0 0.0403 
Cedar – West Idlewild 0.0089 0 0.0022 0 0 0 0 0 0 0 
Chariton 0 0 0 0 0 0 0 0.0042 0 0 
Des Moines – Eldon 0 0 0 0 0 0 0 0.0035 0 0 
Des Moines – River Bend 0 0 0.0058 0 0 0 0 0 0 0 
Des Moines – Yellow Banks 0 0 0 0 0 0 0 0.0014 0 0.0014 
East Nishnabotna 0 0 0 0 0 0 0 0.0026 0 0 
Iowa 0 0 0.0517 0 0 0 0 0.0133 0 0 
Little Sioux 0 0 0 0 0 0 0 0.0014 0 0 
Maquoketa – Joinerville 0 0 0 0 0 0 0 0.0026 0 0 
Maquoketa – Spragueville 0 0 0 0 0 0 0 0 0 0 
North Raccoon 0 0 0 0 0 0.0133 0 0 0 0.3844 
North Skunk 0 0 0 0 0 0 0 0 0 0 
Shellrock 0.0048 0 0 0 0 0 0 0 0 0.0048 
South Skunk 0 0 0.0022 0 0 0 0 0.0022 0 0 
Turkey 0 0 0 0 0 0 0 0 0 0 
Wapsipinicon - Allen Grove 0 0 0.0022 0 0 0 0 0 0 0 
Wapsipinicon - Troy Mills 0 0 0.0595 0 0 0 0 0.0071 0 0 
West Fork - Des Moines 0 0 0.0045 0.0071 0 0 0 0 0 0.0065 
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 Species abbreviations are: BDDR = banded darter, BHCP = bighead carp, BHMW = bullhead minnow, BKBH = black bullhead, BKCP = black crappie, 
BKND = blacknose dace, BLGL = bluegill, BMBF = bigmouth buffalo, BMSN = bigmouth shiner, BNMW = bluntnose minnow, BSDR = blackside darter, 
BSMW = brassy minnow, BTTM = blackstripe topminnow, BUSK = blue sucker, CARP = common carp, CKCB = creek chub, CLSR = central stoneroller, 
CMMW = central mudminnow, CMSN = common shiner, CNCF = channel catfish, CNSN = channel shiner, ERSN = emerald shiner, FHCF = flathead 
catfish, FHMW = fathead minnow, FWDM = freshwater drum, GDEY = goldeye, GDRH = golden redhorse, GNSF = green sunfish, GSCP = grass carp, 
GVCB = gravel chub, GZSD = gizzard shad, HCAR = hybrid carpsucker, HFCS = highfin carpsucker, HHCB = hornyhead chub, IODR = Iowa darter, 
JYDR = johnny darter, LGPH = logperch, LMBS = largemouth bass, LNDE = longnose dace, LNGR = longnose gar, MMSN = mimic shiner, MNEY = 
mooneye, NHSK = northern hog sucker, NTPK = northern pike, OSSF = orangespotted sunfish, OZMW = Ozark minnow, PNMW = plains minnow, PNSD 
= pumpkinseed, QLBK = quillback carpsucker, RDSN = red shiner, RFSN = rosyface shiner, RKBS = northern rock bass, RRDR = river darter, RVCS = 
river carpsucker, RVRH = river redhorse, RVSN = river shiner, RWDR = rainbow darter, RWTT = rainbow trout, SFSN = spotfin shiner, SGER = sauger, 
SHDR = slenderhead darter, SHRH = shorthead redhorse, SJHR = skipjack herring, SKCB = speckled chub, SLRH = silver redhorse, SMBF = smallmouth 
buffalo, SMBS = smallmouth bass, SMMW = suckermouth minnow, SNGR = shortnose gar, SNSG = shovelnose sturgeon, SNSN = sand shiner, STCT = 
stonecat, STGR = spotted gar, SVCB = silver chub, SVMW = Mississippi silvery minnow, TTPH = trout perch, WLYE = walleye, WSDR = western sand 
darter, WSMW = western silvery minnow, WTBS = white bass, WTCP = white crappie, WTSK = white sucker, and YLBH = yellow bullhead.
  
 APPENDIX E.  Continued (see page 110 for heading). 
Reach BNMW BSDR BSMW BTTM BUSK CARP CKCB CLSR CMMW CMSN CNCF 
Big Sioux 0.0200 0 0 0 0 0 0 0 0 0 0.0440 
Boone 0.0200 0 0 0 0 0 0 0 0 0.0089 0 
Cedar - Vinton 0.0583 0 0.0083 0 0 0 0.0014 0.0014 0 0 0.0069 
Cedar - West Idlewild 0.1244 0.0089 0 0 0 0 0.0089 0.0044 0 0.0289 0 
Chariton 0 0.0048 0 0 0 0 0 0 0 0 0.0048 
Des Moines - Eldon 0 0 0 0 0 0.0018 0 0 0 0 0.0035 
Des Moines - River Bend 0 0 0 0 0 0.0014 0 0 0 0 0.0087 
Des Moines - Yellow Banks 0 0 0 0 0 0.0014 0 0 0 0 0 
East Nishnabotna 0 0 0 0 0 0.0026 0 0 0 0 0.0538 
Iowa 0 0 0 0 0 0 0 0 0 0 0.0100 
Little Sioux 0.0014 0 0 0 0 0 0 0 0 0 0.0069 
Maquoketa - Joinerville 0 0 0 0 0 0 0 0 0 0 0 
Maquoketa - Spragueville 0 0 0 0 0 0 0 0 0 0 0 
North Raccoon 0.6444 0 0 0 0 0 0.0111 0.0133 0 0 0 
North Skunk 0.0077 0 0 0 0 0 0 0 0 0 0.0051 
Shellrock 0.0167 0 0 0 0 0 0.0119 0 0 0 0 
South Skunk 0 0 0 0 0 0 0 0 0 0 0.1511 
Turkey 0 0 0 0 0 0 0 0 0 0 0.0019 
Wapsipinicon - Allen Grove 0 0 0 0 0 0 0 0 0 0 0.0022 
Wapsipinicon - Troy Mills 0.0524 0 0 0.0024 0 0 0 0 0 0 0 
West Fork - Des Moines 0.0473 0 0 0 0 0.0274 0.0024 0 0 0 0.0110 
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 APPENDIX E.  Continued (see page 110 for heading). 
Reach CNSN ERSN FHCF FHMW FWDM GDEY GDRH GNSF GSCP GVCB GZSD 
Big Sioux 0 0.0280 0 0.0027 0 0 0 0 0 0 0.0013 
Boone 0 0 0 0.0044 0 0 0.0022 0 0 0 0 
Cedar - Vinton 0 0.0014 0 0.0014 0 0 0.0056 0 0 0 0 
Cedar - West Idlewild 0 0.1156 0 0 0 0 0.0067 0 0 0.1089 0 
Chariton 0 0 0 0.0304 0.0042 0 0 0 0 0 0 
Des Moines - Eldon 0.0035 0.0316 0.0018 0 0 0 0 0 0 0 0.0193 
Des Moines - River Bend 0 0.0446 0 0 0.0014 0 0.0014 0 0 0 0 
Des Moines - Yellow Banks 0 0.0264 0 0 0 0 0 0 0 0 0.7083 
East Nishnabotna 0 0 0 0 0 0 0 0 0 0 0 
Iowa 0.0100 0.0017 0 0 0 0 0 0 0 0 0.0017 
Little Sioux 0 0 0 0.0056 0 0 0 0 0 0 0 
Maquoketa - Joinerville 0 0.0026 0 0 0 0 0.0026 0 0 0 0 
Maquoketa - Spragueville 0 0.0068 0 0.0017 0 0 0 0 0 0 0 
North Raccoon 0 0 0 0.0156 0 0 0 0 0 0 0 
North Skunk 0 0.0154 0.0026 0 0 0 0 0 0 0 0 
Shellrock 0 0.0238 0 0.0238 0 0 0.0357 0.0024 0 0.0024 0 
South Skunk 0 0 0 0 0.1333 0 0 0 0 0 0.0067 
Turkey 0.0296 0.0019 0 0 0 0.0019 0.0111 0 0 0 0 
Wapsipinicon - Allen Grove 0.0133 0.0089 0 0 0 0 0 0 0 0 0 
Wapsipinicon - Troy Mills 0 0.0071 0 0.0024 0 0 0 0.0024 0 0 0 
West Fork - Des Moines 0 0 0 0.0042 0 0 0.0244 0 0 0 0 
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 APPENDIX E.  Continued (see page 110 for heading). 
Reach HCAR HFCS HHCB IODR JYDR LGPH LMBS LNDE LNGR MMSN MNEY NHSK 
Big Sioux 0.0027 0 0 0 0 0 0 0 0 0 0 0 
Boone 0 0 0 0 0 0 0 0 0 0 0 0 
Cedar - Vinton 0.0250 0 0 0 0 0 0.0014 0 0 0 0 0.0014 
Cedar - West Idlewild 0 0 0 0 0 0 0 0 0 0 0 0.0044 
Chariton 0 0 0 0 0 0 0 0 0 0 0 0 
Des Moines - Eldon 0 0 0 0 0 0 0.0035 0 0 0 0 0 
Des Moines - River Bend 0 0 0 0 0 0 0 0 0 0 0 0 
Des Moines - Yellow Banks 0 0 0 0 0 0 0.0014 0 0 0 0 0 
East Nishnabotna 0 0 0 0 0 0 0.0026 0 0 0 0 0 
Iowa 0 0 0 0 0 0 0 0 0.0017 0.0250 0 0 
Little Sioux 0 0 0 0 0 0 0 0 0 0 0 0 
Maquoketa - Joinerville 0 0 0 0 0 0 0 0 0 0 0 0 
Maquoketa - Spragueville 0 0 0 0 0 0 0 0 0 0 0 0 
North Raccoon 0 0 0 0 0.0022 0 0 0 0 0 0 0.0511 
North Skunk 0 0 0 0 0 0 0 0 0 0 0 0 
Shellrock 0 0 0 0 0.0143 0 0 0 0 0 0 0.0286 
South Skunk 0 0 0 0 0 0 0 0 0 0 0 0 
Turkey 0.0019 0 0 0 0 0 0 0 0 0.0019 0 0 
Wapsipinicon - Allen Grove 0 0 0 0 0.0022 0 0 0 0 0.1333 0 0 
Wapsipinicon - Troy Mills 0 0 0 0 0 0 0 0 0 0 0 0 
West Fork - Des Moines 0 0 0 0 0 0 0 0.0024 0 0 0 0 
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 APPENDIX E.  Continued (see page 110 for heading). 
Reach NTPK OSSF OZMW PNMW PNSD QLBK RDSN RFSN RKBS RRDR RVCS RVRH 
Big Sioux 0 0 0 0 0 0 0.1560 0 0 0 0 0 
Boone 0 0 0 0 0 0 0 0.0222 0 0 0 0 
Cedar - Vinton 0 0.0014 0 0 0 0.0014 0 0 0 0 0 0 
Cedar - West Idlewild 0 0 0.0022 0 0 0 0 0 0.0022 0 0 0 
Chariton 0 0 0 0 0 0 0.0655 0 0 0 0 0 
Des Moines - Eldon 0 0.0018 0 0 0 0.0018 0 0 0 0 0 0 
Des Moines - River Bend 0 0 0 0 0 0 0 0 0 0 0.0028 0 
Des Moines - Yellow Banks 0 0 0 0 0 0.0042 0 0 0 0 0.0111 0 
East Nishnabotna 0 0 0 0 0 0 0.0744 0 0 0 0 0 
Iowa 0 0.0250 0 0 0 0.0033 0 0 0 0 0 0 
Little Sioux 0.0014 0 0 0 0 0 0.0583 0 0 0 0 0 
Maquoketa - Joinerville 0 0 0 0 0 0 0 0 0 0 0 0 
Maquoketa - Spragueville 0 0 0 0 0 0 0 0.0018 0 0 0 0 
North Raccoon 0 0.0244 0 0 0 0.0044 0 0 0 0 0.0689 0 
North Skunk 0 0 0 0 0 0 0.2077 0 0 0 0 0 
Shellrock 0 0 0 0 0 0 0 0 0 0 0 0 
South Skunk 0 0.0067 0 0 0 0.0022 0.0133 0 0 0 0 0 
Turkey 0 0 0 0 0 0 0 0 0 0 0 0 
Wapsipinicon - Allen Grove 0 0 0 0 0 0 0 0 0 0 0 0 
Wapsipinicon - Troy Mills 0 0.0048 0 0 0 0.0024 0 0.0024 0 0 0 0 
West Fork - Des Moines 0 0.0423 0 0 0 0 0 0 0 0 0 0 
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 APPENDIX E.  Continued (see page 110 for heading). 
Reach RVSN RWDR RWTT SFSN SGER SHDR SHRH SJHR SKCB SLRH SMBF SMBS 
Big Sioux 0 0 0 0 0 0 0.0053 0 0.0040 0 0 0 
Boone 0 0 0 0.1311 0 0 0 0 0 0 0 0 
Cedar - Vinton 0 0 0 0.4917 0 0 0 0 0 0 0 0.0111 
Cedar - West Idlewild 0 0.0044 0 0.0822 0 0.0022 0 0 0 0 0 0 
Chariton 0 0 0 0 0 0 0.0042 0 0 0 0 0 
Des Moines - Eldon 0.0018 0 0 0.0316 0 0 0 0 0 0 0 0 
Des Moines - River Bend 0 0 0 0.4380 0 0 0 0 0 0 0 0 
Des Moines - Yellow Banks 0.0306 0 0 0.0458 0 0 0 0 0 0 0.0014 0 
East Nishnabotna 0 0 0 0.0026 0 0 0.0051 0 0 0 0 0 
Iowa 0 0 0 0.0733 0 0 0 0 0 0 0 0 
Little Sioux 0 0 0 0 0 0 0 0 0 0 0 0 
Maquoketa - Joinerville 0 0 0 0.0333 0 0 0 0 0 0 0 0 
Maquoketa - Spragueville 0 0 0 0.0050 0 0 0 0 0 0 0 0 
North Raccoon 0 0 0 0.5400 0 0.0067 0.0222 0 0 0 0 0 
North Skunk 0 0 0 0.0205 0 0 0.0026 0 0 0 0 0 
Shellrock 0 0.0024 0 0.0667 0 0 0.0071 0 0 0 0 0 
South Skunk 0 0 0 0 0 0 0 0 0 0 0 0 
Turkey 0 0 0 0.0463 0 0 0 0 0 0 0 0 
Wapsipinicon - Allen Grove 0 0 0 0.0178 0 0 0 0 0 0 0 0 
Wapsipinicon - Troy Mills 0 0 0 0.6238 0 0 0.0024 0 0 0 0 0 
West Fork - Des Moines 0 0 0 0.1185 0 0.0045 0.0113 0 0 0 0 0 
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 APPENDIX E.  Continued (see page 110 for heading). 
Reach SMMW SNGR SNSG SNSN STCT STGR SVCB SVMW TTPH WLYE WSDR WSMW 
Big Sioux 0 0 0 0.2053 0 0 0.0027 0 0 0 0 0 
Boone 0 0 0 0.0578 0 0 0 0 0 0 0 0 
Cedar - Vinton 0 0 0 0.0667 0 0 0 0 0 0 0 0 
Cedar - West Idlewild 0 0 0 0.0867 0 0 0 0 0 0 0 0 
Chariton 0 0 0 0.0185 0 0 0.0042 0 0 0.0048 0 0 
Des Moines - Eldon 0 0 0 0.0018 0 0 0 0 0 0 0 0 
Des Moines - River Bend 0 0 0 0.0086 0 0 0 0 0 0 0 0 
Des Moines - Yellow Banks 0 0 0 0.0028 0 0 0 0 0 0.0014 0 0 
East Nishnabotna 0 0 0 0.2718 0 0 0 0 0 0 0 0.0026 
Iowa 0 0 0 0 0 0 0 0 0 0 0 0 
Little Sioux 0 0 0 0.0375 0 0 0 0 0 0.0014 0 0 
Maquoketa - Joinerville 0 0 0 0 0 0 0 0 0 0 0 0 
Maquoketa - Spragueville 0 0 0 0.0017 0 0 0.0018 0.0711 0 0 0 0 
North Raccoon 0 0 0 0.5378 0 0 0 0 0 0 0 0 
North Skunk 0 0 0 0.0103 0 0 0 0 0 0 0 0 
Shellrock 0 0 0 0.1262 0 0 0 0 0 0 0 0 
South Skunk 0 0 0 0 0 0 0 0 0 0 0 0 
Turkey 0 0 0 0.0019 0 0 0.0019 0 0 0 0 0 
Wapsipinicon - Allen Grove 0 0 0 0.0044 0 0 0 0.0022 0 0 0 0 
Wapsipinicon - Troy Mills 0 0 0 0.2095 0 0 0 0 0 0.0048 0 0 
West Fork - Des Moines 0 0 0 0.2473 0 0 0 0 0 0.0140 0 0.0021 
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 APPENDIX E.  Continued (see page 110 for heading). 
Reach WTBS WTCP WTSK YLBH 
Big Sioux 0 0 0.0080 0 
Boone 0 0 0 0 
Cedar - Vinton 0 0 0 0 
Cedar - West Idlewild 0 0 0 0 
Chariton 0 0 0 0 
Des Moines - Eldon 0.0211 0 0 0 
Des Moines - River Bend 0 0 0 0 
Des Moines - Yellow Banks 0.0583 0 0 0 
East Nishnabotna 0 0 0 0 
Iowa 0.0017 0 0 0 
Little Sioux 0 0 0.0014 0 
Maquoketa - Joinerville 0 0 0 0 
Maquoketa - Spragueville 0 0 0 0 
North Raccoon 0 0 0 0 
North Skunk 0 0 0 0 
Shellrock 0 0 0 0 
South Skunk 0 0 0 0 
Turkey 0 0 0 0 
Wapsipinicon - Allen Grove 0 0 0 0 
Wapsipinicon - Troy Mills 0 0 0 0 
West Fork - Des Moines 0 0 0 0 
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  Wetted  Bank   Corrected  Bank  Bank vegetation 
Reach channel width (m)  full width (m)  Depth (m) depth (m) angle (deg.)  cover (%) 
Big Sioux 67.0 (15.2) 79.4 (13.3) 0.71 (0.33) 0.71 (0.33) 48.6 (68.0) 40.6 (26.2) 
Boone 41.0 (7.5) 48.1 (5.9) 0.64 (0.27) 0.92 (0.27) 34.8 (24.1) 41.6 (25.0) 
Cedar - Vinton 148.8 (27.9) 155.6 (30.1) 1.74 (0.74) 1.57 (0.74) 63.4 (76.5) 45.4 (25.3) 
Cedar - West Idlewild 60.2 (13.7) 69.7 (16.5) 0.48 (0.25) 0.77 (0.25) 58.7 (70.3) 44.1 (22.4) 
Chariton 27.7 (4.5) 32.8 (6.1) 2.01 (0.63) 1.66 (0.63) 51.4 (62.7) 49.0 (30.0) 
Des Moines - Eldon 188.5 (17.6) 191.0 (17.8) 2.31 (0.44) 1.21 (0.44) 76.9 (79.5) 33.0 (19.1) 
Des Moines - River Bend 66.1 (17.4) 109.0 (13.3) 0.71 (0.40) 1.40 (0.40) 36.6 (65.9) 6.9 (12.6) 
Des Moines - Yellow Banks 149.4 (24.0) 166.9 (28.7) 1.99 (0.88) 1.88 (0.88) 71.9 (79.4) 19.5 (16.3) 
East Nishnabotna 51.1 (8.0) 65.4 (11.1) 1.05 (0.45) 1.19 (0.45) 38.5 (36.7) 31.0 (21.7) 
Iowa 229.5 (67.6) 262.9 (57.5) 1.74 (1.69) 2.57 (1.69) 60.2 (74.3) 26.5 (21.0) 
Little Sioux 42.5 (13.1) 61.2 (8.1) 0.64 (0.55) 1.18 (0.55) 51.8 (64.3) 12.9 (14.6) 
Maquoketa - Joinerville 44.6 (7.1) 51.8 (9.5) 1.76 (0.75) 1.22 (0.75) 56.5 (63.0) 72.1 (25.1) 
Maquoketa - Spragueville 73.1 (13.6) 98.5 (31.8) 1.17 (0.80) 1.93 (0.80) 59.8 (72.4) 30.9 (22.1) 
North Raccoon 53.0 (11.1) 70.6 (13.6) 1.10 (0.50) 1.00 (0.50) 30.9 (35.9) 31.4 (28.3) 
North Skunk 23.4 (3.6) 33.1 (2.1) 0.93 (0.32) 1.58 (0.32) 53.3 (54.7) 12.6 (18.4) 
Shellrock 67.1 (12.8) 74.9 (11.4) 0.86 (0.52) 1.29 (0.52) 53.9 (59.1) 37.3 (22.8) 
South Skunk 86.3 (10.2) 92.4 (10.0) 2.05 (0.61) 2.80 (0.61) 51.9 (40.1) 21.3 (21.3) 
Turkey 59.6 (22.5) 82.1 (21.7) 1.08 (1.12) 1.61 (1.12) 52.6 (71.3) 20.4 (19.9) 
Wapsipinicon - Allen Grove 64.7 (19.0) 82.4 (22.1) 0.72 (0.57) 1.04 (0.57) 64.9 (73.7) 29.2 (25.2) 
Wapsipinicon - Troy Mills 36.3 (12.6) 61.1 (13.1) 0.58 (0.47) 1.04 (0.47) 53.8 (72.1) 19.8 (22.0) 
West Fork - Des Moines 27.7 (8.2) 47.2 (9.2) 0.47 (0.29) 1.61 (0.29) 47.8 (62.7) 8.5 (11.2) 
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APPENDIX F.  Continued (see page 118 for heading). 
 Canopy Instream substrate (%) 
Reach cover (%) Clay Silt Sand Gravel Cobble Boulder Bedrock 
Big Sioux 29.8 (38.3) 0 (a) 8.3 (10.6) 85.8 (13.5) 2.8 (7.0) 2.8 (8.5) 0.3 (2.0) 0 (a) 
Boone 30.3 (30.0) 0 (a) 2.2 (5.9) 55.2 (26.1) 11.5 (12.5) 10.0 (13.2) 17.0 (19.1) 4.2 (16.2) 
Cedar - Vinton 19.7 (22.3) 0 (a) 1.3 (3.8) 94.4 (8.70) 1.4 (3.0) 1.5 (4.8) 1.4 (4.7) 0 (a) 
Cedar - West Idlewild 14.9 (19.3) 0 (a) 1.4 (4.3) 17.8 (18.6) 16.1 (14.1) 59.9 (23.7) 4.8 (8.7) 0 (a) 
Chariton 38.8 (33.0) 0 (a) 15.4 (15.2) 82.1 (17.0) 0.7 (3.9) 0.2 (1.0) 0 (a) 1.5 (8.4) 
Des Moines - Eldon 8.7 (11.2) 0 (a) 0 (a) 56.6 (20.2) 21.3 (16.9) 15.7 (12.5) 6.5 (8.7) 0 (a) 
Des Moines - River Bend 30.4 (10.4) 0 (a) 2.4 (7.2) 77.0 (23.9) 14.3 (17.2) 6.3 (13.8) 0 (a) 0 (a) 
Des Moines - Yellow Banks 11.6 (20.5) 0 (a) 0.5 (2.8) 90.5 (12.6) 7.8 (11.1) 1.1 (3.5) 0.1 (0.4) 0 (a) 
East Nishnabotna 27.8 (28.7) 0 (a) 32.9 (33.6) 57.3 (30.9) 8.1 (15.2) 0.7 (2.8) 0.7 (2.8) 0 (a) 
Iowa 7.2 (17.4) 0 (a) 6.0 (15.7) 92.1 (19.4) 0.7 (2.5) 1.3 (6.7) 0 (a) 0 (a) 
Little Sioux 6.3 (13.9) 0 (a) 6.9 (17.3) 86.6 (20.7) 4.4 (9.6) 2.0 (5.9) 0.1 (1.0) 0 (a) 
Maquoketa - Joinerville 37.5 (39.1) 0 (a) 25.5 (24) 69.9 (24.8) 2.3 (8.3) 0.5 (1.8) 1.8 (5.8) 0 (a) 
Maquoketa - Spragueville 4.8 (11.6) 0 (a) 2.8 (8.9) 79.8 (20.0) 12.6 (14.9) 4.9 (11.2) 0 (a) 0 (a) 
North Raccoon 19.4 (28.5) 0 (a) 10.0 (15.3) 72.2 (20.8) 16.0 (16.8) 1.7 (5.4) 0 (a) 0 (a) 
North Skunk 18.7 (24.8) 1.2 (3.7) 3.2 (5.5) 61.8 (27.2) 2.8 (9.1) 31.0 (26.5) 0 (a) 0 (a) 
Shellrock 27.1 (28.9) 0.5 (2.6) 1.6 (4.8) 38.8 (20.1) 35.1 (19.9) 23.7 (21.4) 0.4 (1.5) 0 (a) 
South Skunk 19.8 (22.3) 0 (a) 17.6 (24.2) 71.2 (25.7) 3.1 (6.6) 5.2 (12.2) 0 (a) 0 (a) 
Turkey 5.5 (11.9) 0 (a) 20.7 (32.7) 58.5 (35.4) 20.4 (30.5) 0.4 (2.2) 0 (a) 0 (a) 
Wapsipinicon - Allen Grove 4.3 (10.4) 0.5 (2.6) 2.8 (10.9) 96.2 (11.2) 0.6 (2.6) 0 (a) 0 (a) 0 (a) 
Wapsipinicon - Troy Mills 11.5 (23.8) 0 (a) 5.9 (15.2) 78.3 (28.8) 11.2 (21.8) 4.2 (12.2) 0 (a) 0 (a) 
West Fork - Des Moines 7.4 (16.1) 0 (a) 8 (14.1) 54.1 (29.0) 23.4 (21.1) 14.4 (21.3) 0.1 (0.6) 0 (a) 
 
  
 APPENDIX F.  Continued (see page 118 for heading). 
 Instream cover (m3) Current velocity 
Reach Tree fall Standing tree Log pile Boulder Riprap Other 20% of depth (m/s) 
Big Sioux 5.4 (11.3) 0 (a) 5.0 (6.8) 5.0 (6.8) 0 (a) 0.5 (a) 0.36 (0.13) 
Boone 16.7 (11.6) 3.1 (4.1) 0.1 (0.1) 0.1 (0.1) 0 (a) 2.0 (a) 0.33 (0.14) 
Cedar - Vinton 2.9 (3.0) 0.1 (a) 2.4 (2.5) 2.4 (2.5) 2.5 (1.5) 28.0 (a) 0.54 (0.16) 
Cedar - West Idlewild 0 (a) 0 (a) 15.3 (14.2) 15.3 (14.2) 0 (a) 1.4 (0.5) 0.17 (0.10) 
Chariton 12.0 (a) 1.0 (a) 1.2 (0.5) 1.2 (0.5) 0 (a) 0 (a) 0.44 (0.18) 
Des Moines - Eldon 35.3 (32.7) 3.0 (a) 5.2 (12.2) 5.2 (12.2) 1.8 (0.4) 0 (a) 0.69 (0.09) 
Des Moines - River Bend 2.4 (4.7) 0.3 (a) 10.1 (15.0) 10.1 (15.0) 0 (a) 0.6 (0.5) 0.21 (0.13) 
Des Moines - Yellow Banks 5.7 (7) 0.1 (a) 13 (6.1) 13.0 (6.1) 0 (a) 0 (a) 0.59 (0.19) 
East Nishnabotna 0 (a) 0 (a) 1.7 (3.9) 1.7 (3.9) 2.8 (1.8) 0 (a) 0.42 (0.18) 
Iowa 0.8 (1.6) 0.3 (a) 7.9 (10.1) 7.9 (10.1) 0 (a) 0 (a) 0.36 (0.16) 
Little Sioux 12.2 (7.0) 0 (a) 1.2 (1.7) 1.2 (1.7) 4.0 (a) 0 (a) 0.23 (0.12) 
Maquoketa - Joinerville 9.6 (9.3) 0 (a) 0.4 (0.1) 0.4 (0.1) 0 (a) 0 (a) 0.31 (0.13) 
Maquoketa - Spragueville 19.3 (27.6) 0 (a) 5.6 (5.9) 5.6 (5.9) 0 (a) 0 (a) 0.38 (0.13) 
North Raccoon 45.3 (32) 8.2 (11) 34.7 (84.8) 34.7 (84.8) 0 (a) 0.4 (0.6) 0.45 (0.17) 
North Skunk 1.4 (1.8) 0 (a) 19.2 (35.2) 19.2 (35.2) 0 (a) 0 (a) 0.21 (0.11) 
Shellrock 3.3 (7.2) 0 (a) 5.5 (5.5) 5.5 (5.5) 0 (a) 0 (a) 0.14 (0.10) 
South Skunk 1.1 (0.9) 0 (a) 7.7 (8.2) 7.7 (8.2) 0 (a) 0 (a) 0.16 (0.06) 
Turkey 8.1 (14.6) 0 (a) 7.1 (7.9) 7.1 (7.9) 0 (a) 0 (a) 0.27 (0.16) 
Wapsipinicon - Allen Grove 1.6 (2.1) 0 (a) 11.1 (14.6) 11.1 (14.6) 0 (a) 0 (a) 0.30 (0.11) 
Wapsipinicon - Troy Mills 6.3 (8.1) 0 (a) 23.2 (43.8) 23.2 (43.8) 16.0 (a) 0 (a) 0.19 (0.12) 
West Fork - Des Moines 5.4 (6.3) 0 (a) 27.4 (35.4) 27.4 (35.4) 0 (a) 0 (a) 0.14 (0.13) 
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 APPENDIX F.  Continued (see page 118 for heading). 
 Bank substrate (%) 
Reach Claypan Vegetated soil Silt Sand Gravel Cobble Boulder Bedrock 
Big Sioux 0 (a) 0 (a) 82.8 (26.1) 38.8 (28.2) 19.4 (17.4) 27.8 (13.7) 54.0 (22.7) 0 (a) 
Boone 56.9 (25.1) 0 (a) 65.5 (30.9) 53.1 (26.5) 26.3 (18.5) 22.7 (16.6) 27.9 (29.0) 0 (a) 
Cedar - Vinton 0 (a) 0 (a) 67.7 (28.9) 43.9 (24.7) 10.0 (0.0) 35.3 (17.7) 60.0 (24.5) 0 (a) 
Cedar - West Idlewild 0 (a) 0 (a) 80.7 (26.3) 30.0 (27.1) 14.3 (5.3) 25 (20.2) 13.8 (23.3) 40.0 (a) 
Chariton 100.0 (a) 0 (a) 58.3 (26.3) 48.2 (25.1) 20.0 (a) 0 (a) 50.0 (a) 0 (a) 
Des Moines - Eldon 0 (a) 0 (a) 97.2 (7.0) 15.0 (5.2) 0 (a) 0 (a) 90.5 (30.0) 80.0 (34.6) 
Des Moines - River Bend 45.0 (23.6) 12.5 (3.5) 38.7 (24.1) 52.5 (22.8) 19.1 (18.4) 24.5 (19.7) 15.5 (5.2) 20.0 (a) 
Des Moines - Yellow Banks 0 (a) 0 (a) 80.3 (33.8) 56.7 (32.8) 11.7 (5.2) 8.3 (2.9) 10.0 (a) 0 (a) 
East Nishnabotna 0 (a) 0 (a) 95.1 (13.6) 22.7 (21.0) 0 (a) 0 (a) 50.0 (40.0) 0 (a) 
Iowa 40.0 (17.3) 0 (a) 78.6 (29.8) 44.2 (35.0) 5.0 (a) 33.3 (15.3) 80.0 (21.2) 0 (a) 
Little Sioux 0 (a) 0 (a) 75.2 (27.3) 28.3 (27.8) 9.6 (8.2) 16.4 (10.4) 45.0 (7.1) 0 (a) 
Maquoketa - Joinerville 0 (a) 0 (a) 88.3 (24.2) 51.3 (27.5) 0 (a) 37 (14) 40.0 (17.3) 100.0 (a) 
Maquoketa - Spragueville 0 (a) 0 (a) 82.2 (27.6) 38.9 (27.7) 15.5 (12.8) 23.8 (14) 34.2 (31.3) 80.0 (17.3) 
North Raccoon 50.0 (a) 50.0 (a) 53.0 (27.7) 55.2 (25.5) 25.9 (14.4) 15 (11.9) 1.0 (a) 0 (a) 
North Skunk 0 (a) 0 (a) 88.4 (24.7) 33.9 (33.4) 15.0 (7.1) 33.8 (39) 15.0 (7.1) 0 (a) 
Shellrock 0 (a) 0 (a) 93.3 (13.5) 15.7 (7.9) 36.4 (38.9) 19.4 (9) 29.2 (31.7) 0 (a) 
South Skunk 65.0 (21.2) 0 (a) 96.8 (11.3) 12.0 (9.7) 6.6 (2.3) 74.2 (20.6) 25.4 (23.5) 0 (a) 
Turkey 0 (a) 0 (a) 83.2 (18.9) 15.6 (16.6) 16.6 (11.9) 12.8 (13.2) 11.0 (5.5) 100.0 (a) 
Wapsipinicon - Allen Grove 0 (a) 0 (a) 75.6 (35.6) 55.2 (36.0) 2.0 (a) 31.1 (20.9) 51.7 (27.6) 0 (a) 
Wapsipinicon - Troy Mills 0 (a) 0 (a) 55.7 (39.2) 59.4 (32.1) 22.0 (25.3) 40.8 (22) 30.0 (20) 20.0 (a) 
West Fork - Des Moines 0 (a) 0 (a) 76.6 (35.0) 29.2 (20.9) 28.4 (17.4) 38.7 (22.2) 52.4 (47.1) 0 (a) 
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 APPENDIX F.  Continued (see page 118 for heading). 
 Out-of-stream cover (m3) Current velocity  
Reach Roots Wood Willows Non-woody vegetation Rock Other  80% of depth (m/s) 
Big Sioux 1.7 (0.8) 8.8 (12.9) 8.0 (a) 1.7 (1.4) 3.5 (1.2) 0 (a) 0.47 (0.14) 
Boone 1.2 (0.7) 19.0 (9.6) 0 (a) 1.6 (0.6) 2.0 (a) 0 (a) 0.46 (0.19) 
Cedar - Vinton 1.8 (0.9) 3.2 (1.9) 10.8 (19.8) 2.6 (3.3) 3.9 (0.5) 34.6 (23.1) 0.75 (0.19) 
Cedar - West Idlewild 1.0 (a) 9.1 (14.8) 0 (a) 1.1 (0.4) 2.7 (1.7) 0 (a) 0.25 (0.14) 
Chariton 3.0 (1.4) 1.0 (a) 0 (a) 3.8 (2.3) 6.0 (a) 0 (a) 0.54 (0.21) 
Des Moines - Eldon 1.7 (1.1) 30.0 (a) 0 (a) 1.6 (0.9) 3.8 (0.7) 0 (a) 1.02 (0.12) 
Des Moines - River Bend 1.2 (1.2) 6.0 (10.2) 0 (a) 1.1 (0.8) 3.1 (1.4) 0.1 (a) 0.32 (0.22) 
Des Moines - Yellow Banks 1.4 (1.1) 1.6 (1.1) 3.4 (1.5) 1.9 (1.9) 0 (a) 2.1 (2.7) 0.84 (0.24) 
East Nishnabotna 1.7 (0.9) 12.4 (35.7) 9 (9.9) 1.5 (1.1) 4.0 (a) 4.0 (a) 0.59 (0.19) 
Iowa 1.1 (0.7) 0.7 (1.4) 0 (a) 1.2 (0.6) 4.8 (1.8) 1.0 (a) 0.59 (0.29) 
Little Sioux 1.0 (0.5) 5.3 (5.7) 0 (a) 1.1 (0.5) 2.5 (1.3) 0 (a) 0.29 (0.17) 
Maquoketa - Joinerville 3.6 (a) 23.8 (23.8) 0 (a) 4.3 (5.2) 2.0 (a) 0 (a) 0.40 (0.16) 
Maquoketa - Spragueville 1.5 (0.6) 1.0 (1.1) 2.5 (0.7) 2.2 (2.7) 2.0 (a) 0 (a) 0.73 (0.24) 
North Raccoon 2.7 (1.4) 7.5 (14.1) 4.3 (1.7) 1.8 (0.9) 0 (a) 2.9 (2.3) 0.61 (0.21) 
North Skunk 1.8 (0.9) 2.7 (6.0) 0 (a) 1.6 (0.6) 4.0 (a) 0 (a) 0.39 (0.19) 
Shellrock 1.5 (0.7) 7.4 (11.8) 0 (a) 1.7 (0.8) 2.8 (1.9) 1.0 (a) 0.21 (0.11) 
South Skunk 1.5 (0.7) 3.4 (7.4) 0 (a) 1.3 (0.5) 3.8 (0.4) 1.5 (a) 0.29 (0.08) 
Turkey 2.3 (2.5) 7.1 (10.6) 0 (a) 2.6 (2.4) 2.1 (1.4) 0 (a) 0.42 (0.25) 
Wapsipinicon - Allen Grove 1.4 (0.7) 3.6 (5.3) 0 (a) 1.9 (0.6) 3.3 (1.3) 0 (a) 0.46 (0.19) 
Wapsipinicon - Troy Mills 2.0 (0.6) 20.9 (44.6) 0 (a) 1.7 (0.5) 3.0 (1.2) 0 (a) 0.24 (0.13) 
West Fork - Des Moines 1.9 (1.8) 12.8 (31.5) 0 (a) 1.2 (0.3) 2.8 (1.0) 80.0 (a) 0.18 (0.14) 
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APPENDIX F.  Continued (see page 118 for heading). 
 Riparian cover-type (%) 
Reach Wooded Willow  Grass Pasture Row Urban 
Big Sioux 60.2 (48.5) 0.1 (0.5) 1.1 (9.9) 0 (a) 38.4 (48.0) 0 (a) 
Boone 64.5 (47.3) 0.1 (0.6) 0.2 (0.9) 0.4 (1.1) 34.5 (46.9) 0 (a) 
Cedar - Vinton 83.9 (34.8) 0 (a) 1.3 (9.9) 0 (a) 4.5 (18.8) 9.8 (29.9) 
Cedar - West Idlewild 37.6 (40.7) 0 (a) 0.2 (0.7) 0 (a) 7.8 (26.5) 0.1 (0.5) 
Chariton 25.2 (41.7) 0 (a) 0 (a) 0 (a) 74.7 (41.6) 0 (a) 
Des Moines - Eldon 9.0 (26.1) 0 (a) 0.3 (0.8) 0 (a) 75.7 (39.9) 0 (a) 
Des Moines - River Bend 96.8 (2.2) 0 (a) 0 (a) 0 (a) 0 (a) 0 (a) 
Des Moines - Yellow Banks 88.0 (31.8) 0 (a) 0 (0.3) 0 (a) 11.6 (31.9) 0 (a) 
East Nishnabotna 22.2 (40.2) 0.1 (0.1) 3.3 (17.7) 12.6 (32.9) 52.0 (49.2) 0 (a) 
Iowa 91.0 (25.3) 0 (a) 0 (a) 0 (a) 2.0 (11.5) 5.6 (22.5) 
Little Sioux 70.2 (43.8) 0 (a) 4.2 (16.9) 0 (a) 24.8 (42.6) 0 (a) 
Maquoketa - Joinerville 62.8 (45.1) 0 (a) 0.5 (1.5) 21.0 (38.9) 2.0 (8.1) 0 (a) 
Maquoketa - Spragueville 24.3 (34.2) 0 (a) 0.2 (0.5) 12.3 (25.6) 27.8 (43.0) 0 (a) 
North Raccoon 78.0 (38.8) 0.1 (0.5) 17.7 (36.7) 0 (a) 0 (a) 0 (a) 
North Skunk 58.5 (23.2) 0 (a) 0 (a) 0 (a) 11.8 (14.9) 0 (a) 
Shellrock 40.3 (44.8) 0 (a) 0 (a) 0 (a) 38.2 (47.0) 0.2 (1.3) 
South Skunk 34.0 (35.7) 0 (a) 0.4 (2.0) 0 (a) 60.5 (39.3) 0 (a) 
Turkey 33.3 (44.9) 0 (a) 1.5 (10.0) 0 (a) 64.1 (45.7) 0 (a) 
Wapsipinicon - Allen Grove 76.8 (39.5) 0 (a) 7.0 (24.3) 0 (a) 10.5 (29.8) 0.3 (1.4) 
Wapsipinicon - Troy Mills 78.2 (37.5) 0 (a) 0 (0.3) 0 (a) 8.6 (26.5) 0.6 (2.2) 
West Fork - Des Moines 10.5 (20.5) 0 (a) 0.2 (0.5) 0 (a) 76.7 (37.6) 0 (a) 
Standard deviation in parenthesis; a standard deviation not estimable  
